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Chapter 1 
GENERAL INTRODUCTION 
Pollution is a major culprit in environmental degrada-
tion. With rapid growth of population, industrialisation 
and urbanisation, the pollution let out in the environment 
has greatly increased. The important components of environ-
ment which get affected are air, water and land. Air 
pollution is responsible for two inpojrtant problems, 
namely green house effect and ozone layer depletion. The 
major sources of pollution arise from man's activities. 
They include human, animal, industrial and agricultural 
wastes. Hximan wastes contain pathogenic organisms which 
are responsible for the spread of communicable diseases 
such as cholera, typhoid, dysentry and other gastrointestinal 
diseases. These wastes also contain putrifiable materials 
which are responsible for obnoxious conditions and irreparable 
damage to the aesthetics of land and water environment. 
Industrial wastes are another source of water and land 
pollution,which can be controlled by certain inplant 
measures and by proper treatment of waste water before its 
discharge either in streams or sewers. They contain a 
wide variety of organic substances and minerals including 
cyanides, toxic and heavy metals, and some carcinogens etc. 
Agricultural run off carries dangerous pesticide 
residues and unxised fertiliser ingredients. When the 
wastes are let out in the environment without adequate 
treatment they cause air, water and land pollution. Water 
and land pollution due to agricultural drainage can be 
controlled by adopting a new technology for the production 
of organic nitrogenous fertilizers in the form of algal 
ponds followed by digester units. 
1.1 Heavy Metals in River Water and Waste Water 
One of the more common definitions is that heavy 
metals constitute those with sp.gr. of approximately 5g/cm 
or greater. This group includes metals from the transition 
series and groups IIA, IIIB, IVB, VB and VIB of the periodic 
table. 
However, the term heavy metals is frequently applied 
where these are connotations of toxicity, and thus a less 
vigorous definition of the group normally used in environ-
mental context, is that it includes ligher metals such as 
Al and Be and Metalloids such as As, Se and Sb. Metalloids 
behave chemically both as a metal and a non-metal, thus 
As although not a metal in the strict chemical sense is 
linked toxicologically to the heavy metals. 
Of all the elements present on the earth's crust, H, C, 
N, 0, Na, Mg, P, S, Cl, K, Ca constitute 99.9 % of all 
living matter. In addition 14 elements, viz., B, F, Si, 
V, Cr, Mn, Fe, Co, Cu, Sc, Mo, Sn and I are the essential 
trace meta)-. Rest of the elements are either not 
essential for growth and development of organisms or their 
function in the biological systems has not been established. 
Some of the trace metals, e.g, Hg, Pb, Cd, AS, cr, Zn, Cu, 
Mn, Fe, are essential but when present in aquatic environ-
ment above certain levels are hazardous. 
(i) Arsenic - Arsenic and arsenical compounds are present 
in wastewaters from the metallurgical industry, glassware 
amd ceramic production, tannery operation, dye stuff, pes-
ticide manufacture, some organic and inorganic chemicals 
manufacture, petroleum refining and the rare-earth industry. 
Arsenic occurs naturally in all environmental media and is 
usually present in the form of compounds with sulfur and 
with many metals (Cu, Co, Pb, Zn, etc.). Arsenic hot 
springs arising fjcom geothermal activity feed the Waikato 
River of North Island, New Zealand. The submerged plants 
from this river were found to contain arsenic to the extent 
of 650 mg kg" of dry mass as compared to 12 mg kg" in 
plants growing in natural soil (Heavy, 1972). 
Effluent arsenic (levels of 0.05 mg/L) are obtainable 
by precipitation of arsenic as the sulphide by addition of 
sodium or hydrogen sulphide at pH 6 to 7, followed by 
polishing of the effluent by filtration. It can also be 
reduced by filtration through activated carbon at low 
concentrations. Arsenic is reduced by coprecipitation with 
Fe(0H)2 floe that ties up with arsenic and removes it 
from the solution. 
(ii) Cadmium - Cadmium is present in wastewaters from 
metallurgical/ ceramic* electroplating, pigment, textile 
and chemical industries and lead mine drainage. These 
wastewaters when discharged or find their way into water 
bodies cause enrichment of the metals. The classic example 
is the discharge of cadmium from the Kamioka mine into 
the Jinzu river via a faulty wastewater treatment system 
in northern Japan causing the itai-itaidisease (Shiroizu, 
1972), which proved fatal to more than a hundred people. 
Cadmium is removed from wastewaters by precipitation 
or ion exchange. Electrolytic and evaporative recovery 
processes can be employed in case the wastewater is in 
concentrated form. Cadmixim forms an insoluble and highly 
stable hydroxide at an alkaline pH, It is not precipitated 
in the presence of complexing ions, such as cyanide, Pre-
treatment to destroy cyanide is necessary prior to its 
precipitation. 
(iii) Copper - The primary sources of copper in industrial 
wastewaters are metal-process pickling and plating baths. 
It may also be present in wastewaters from a variety of 
chemical manufacturing processes employing copper salts 
or a copper catalyst. 
Copper is removed from wastewaters by precipitation 
or recovery processes, which include ion exchange, evapora-
tion, and electrodialysis. Copper is precipitated as a 
relatively insoluble metal hydroxide at alkaline pH. Ion 
exchange or activated carbon treatment methods are feasible 
for wastewaters containing less than 200 mg/1 copper. In 
presence of complexing agents like cyanide and ammonia, 
low residual concentration often are difficult to achieve. 
Removal of the complexing agent by pretreatment is essential 
for high copper removal. 
(iv) Lead - Lead is present in wastewaters from storage-
battery manufacture. Lead is also emitted from combustion 
of fossil fuels and the production of cement. In U.S.A., 
it was found that lead in gasoline is the largest single 
source of air pollution. 
A recent study has revealed that 15-36 % of the lead 
entering Lake Ontario from the Niagara River was attributed 
to atmospheric precipitation (Shiomi, 1973). 
Lead is precipitated as the carbonate, pbCO-/ by 
addition of soda ash at pH 9.0 to 9,5 or the hydroxide, 
Pb(OH) by lime addition at pH 11.5. Precipitation as 
the sulfide at pH 7.5 to 8.5. 
(v) Iron - Iron is present in a wide variety of industrial 
wastewaters including mining operations, ore milling, 
chemical industrial wastewater, dye manufacture, metal 
processing, textile mills, petroleum refining and others. 
Its presence in groundwaters is generally attributed to 
the solution of rocks and minerals, chiefly oxides, sulfides, 
carbonates and silicates containing this metal. The presence 
of iron in water is objectionable because its precipitation 
alters the appearance of the water, turning it to a turbid 
yellow-brown to black and the deposition of the precipi-
tates causes staining of plumbing fixtures and laundry. It 
also propagates the growth of micro-organisms. Accumula-
tion of microbial growths can lead to reductions in pipe-
lines carrying capacity and the clogging of meters and 
valves etc. Because of the nuisance caused by relatively 
small amounts of iron, treatment for the removal or control 
of it is necessary before using or discharging it. 
Iron exists in the ferric and ferrous form depending 
upon pH and dissolve oxygen concentration. The primary 
removal p rocess fo r i r on i s convers ion of the f e r r o u s and 
f e r r i c s t a t e and p r e c i p i t a t i o n of Fe(OH) a t near pH 7, 
2+ 
cor responding to minimum s o l u b i l i t y . Conversion of Fe 
3+ to Pe occurs r a p i d l y upon a e r a t i o n a t pH 7 . 5 . In p re sence 
of d i s s o l v e d o rgan ic m a t t e r , the i ron o x i d a t i o n r a t e i s 
reduced . 
(vi) Manganese - Manganese and i t s s a l t s a r e found in 
was tewate rs from s t e e l a l l o y , d r y - c e l l b a t t e r y manufacture , 
g l a s s and ce ramics , p a i n t and v a r n i s h , ink and dye works . 
The p resence of manganese In groundwaters i s g e n e r a l l y 
a t t r i b u t e d t o t h e s o l u t i o n of rocks and m i n e r a l s , mainly 
o x i d e s , s u l f i d e s , c a r b o n a t e s and s i l i c a t e s . Due t o the 
p r e c i p i t a t i o n of t h i s me ta l in w a t e r , i t a l t e r s the wa te r 
q u a l i t y , t u r n i n g i t i n t o a t u r b i d yellcw-brown t o b lack 
co lour and a l s o causes undesi ra ible t a s t e . Manganese in 
water s u p p l i e s s t a i n s plumbing f i x t u r e s and l a u n d r y . Also , 
i t i s a s s o c i a t e d with t h e growth of mic ro -organ i sms , i t 
i s because of t h e s e u n d e s i r a b l e p r o p e r t i e s t h a t was tewate r s 
o r groundwaters c o n t a i n i n g manganese shou ld undergo t r e a t -
ment f o r t h e i r removal . Kawamura e t a l . (1941) r epo r t ed 
epidemic of Mn i n t o x i c a t i o n in Japan from consumption of 
contaminated we l l wa t e r where n e u r o l o g i c a l symptoms and 
two d e a t h s o c c u r r e d . 
Among t h e many forms and compounds of manganese, on ly 
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the manganous salts and the highly oxidized permanganate 
anion are appreciably soluble. Treatment technology for 
the removal of manganese involves conversion of the soluble 
manganovis ion to an insoluble precipitate. Removal is 
effected by oxidation of the manganous ion and separation 
of the resulting insoluble oxides and hydroxides. 
(vii) Mercury - The major consumptive user of mercury in 
the United States is chlor-alkali industry. Mercury is 
also used in the electrical and electronics industry, 
explosives manufacturing industry^ photographic industry, 
and the pesticide and preservative Industries,etc. It is 
used as a catalyst in the chemical and petrochemical indus-
try and also found in most laboratory wastewaters. Power 
generation is a large source of mercury release into the 
environment through the combustion of fossil fuel. When 
scrubber devices are Installed on thermal power plant stacks 
for sulphur dioxide removal, accumulation of mercury is 
possible if extensive recycle is practiced. It has been 
scrutinised recently that coal-fired power plants wastes 
are the potential sources of mercuiry and other heavy 
metals. This in turn lead to the metal enrichment in the 
aquatic environment. The classic example of mercury 
poisoning is the discharge of non-toxic inorganic mercury 
and toxic methyl mercury aS a result of using HgSO cata-
lysts for acetaldehyde production in a Chisso Corp. 
Chemical factory into Minamata Bay in southwest Japan in 
which hundreds of people were killed. 
Mercury can be removed from wastewaters by precipi-
tation, ion exchange, and adsorption. Mercury ions can be 
reduced upon contact with other metals such as Cu, Zn or 
Al. In most cases mercury recovery can be achieved by 
distillation. 
(viii) Nickel - Wastewaters containing nickel originate 
from the metal-processing industries, steel foundries, 
motor parts and aircraft industries, printing and chemical 
industries. 
In the presence of complexing agents such as cyanide, 
nickel may exist in a soluble complex form. The presence 
of nickel cyanide complexes interferes with both cyanide 
and nickel treatment. By addition of lime, nickel forms 
insoluble nickel hydroxide at pH 10 to 11. Nickel can be 
precipitated as the carbonate or the sulfate associated 
with recovery systems. Recovery of nickel can be accomplished 
by ion exchange or evaporation at a sufficiently high 
concentration. 
(ix) Zinc - Zinc is present in wastewater streams from 
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steelworks, rayon yam and fiber industry waste, ground 
wood-pulp production, and recirculating cooling water systems 
employing cathodic treatment. It is also present in 
wastewaters from the plating and metal processing industry. 
Zinc is emitted from combustion of fossil fuels and produc-
tion of cement which enriches the metal in the atmosphere. 
Zinc can be removed by precipitation as zinc hydroxide 
with either lime or caustic. The disadvantage of lime 
addition is the concurrent precipitation of calcium 
sulphate in the presence of high sulphate levels in the 
wastewater. 
Table 1 shows characteristics of some industrial 
effluents. 
1.2 Organic Pollutants in River water and Wastewater 
Organic pollution is very conroon form of pollution. 
It is due to the presence of biodegradable and non-
biodegradable organic pollutants. The biodegradable organic 
chemicals are simply sugars, starch, fats, proteins, 
carbohydrates, polymers, organic substances found in 
domestic and industrial wastes and those synthetic subs-
tances which are not toxic to some micro-organisms and 
carry out biological oxidation processes. However, the 
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non-biodegradable chemicals are those which persist in 
the aquatic system longer like pesticides. These include 
insecticides, herbicides, rodenticides, miticides, 
nematocides and fungicides etc. The detergents which are 
surface active agents are composed mainly of alkyl benzene 
sulphonate and also create water quality problems. When 
the biodegradable organic pollutants (eg., sugar, carbo-
hydrates, etc.) are discharged in a stream, its dissolved 
oxygen content gets depleted, resulting in the death of 
fish and other aquatic forms of life, 
(i) Toxic Organic chemicals - Many trade wastes (e.g., 
wastes from manufacture of coal gas, organic chemicals, and 
insecticides, etc.) contain poisonous organic compounds 
(such as phenols, tar bases, cyanides, and DDT) which not 
only have the objectionable property of killing bacteria and 
so rendering a riversterile and unable to undergo self-
purification, but also in quite low concentrations can 
cause mortality amongst fish and other aquatic life. 
(ii) Agro-chemicals - Growing demand for food as a result 
of increasing population has led to a substantial increase 
in the production of agro-chemicals like pesticides and 
fertilizers, resulting in a continued contamination of 
our environment Including water bodies. 
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Pesticide chemicals are among the important source of 
pollution which often have disastrous consequences. Environ-
mental pollution caused by pesticides has not been much 
studied in India though the use of such chemicals has been 
increasing rapidly. Widespread contamination of the 
environment by pesticides has been reported (Edwards, 1973) 
and sooner or later a large fraction of these contaminants 
find their way into various ecosystems. Of these compounds, 
the chlorinated hydrocarbon pesticides occur frequently 
and persist in the environment. Investigations of the 
organochlorine residues, in both body fat and blood of 
human beings in India have shown comparatively higher 
concentrations of total DDT (Ramachandran et al., 1973 
and Agarwal et al., 1976) , 
About 10,000 people die of pesticide poisoning (Menon, 
1984) every year in the third world, according to the 
report of International Development Research Centre (IDRC). 
There are about 7,50,000 cases of pesticide poisoning all 
over the world annually resulting in about 14,000 deaths, 
pesticides have overtaken endemic diseases as a cause of 
death in many third world countries and jt is becoming 
the most pervasive occupational hazard in the developing 
nations. 
Pesticides reach water either by direct application 
13 
or indirectly and unintentionally. The direct sources 
include run-off from agricultural fields, spray drifts, 
rain water, sewage and effluents from industries manufac-
turing pesticides or using them in their processes. 
Thus chemical crop protection is a profit induced 
poisoning of the environment. However, agrochemicals,no 
matter whether they are organic or inorganic, have brought 
green revolution but they have also polluted air, soil, 
water resources, flora and fauna. 
(iii) Proteins - Proteins are the nitrogenous organic 
substances of high molecular weight found in animal and 
vegetable kingdom and consisting wholly or partly of very 
large number of amino acids united by their carboxyl- and 
amino-groups. Examples are casien (found in milk), egg 
albumin, gelatine (found in bones and other animal tissues), 
keratin (present in wool)* and glutenin (present in 
wheat). They all contain carbon, hydrogen, oxygen and 
nitrogen; some contain sulphur and some contain phosphorus 
as well. Under the influence of bacteria and other micro-
organisms, proteins readily undergo putrifaction giving 
chiefly amino acids, fatty and aromatic acids and numerous 
organic bases as well as sulphuretted hydrogen (H s) and 
organic sulphur and phosphorus compounds. Many of these 
decomposition products have very objectionable odours. 
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Excreta and fresh sewage are said to owe their unpleasant 
smell largely due to the presence of small amounts of 
indole and its methyl derivative. 
Among the trade wastes containing proteins are food 
processing and canning, slaughter house, dairy and tannery 
wastes. 
(iv) Fats - Fats which include animal and vegetable oils, 
are esters of the trihydric alcohol glycerol with the 
higher fatty acids (e.g., palmitic, steairic and oleic 
acids) . 
When boiled with alkalis or subjected to the action 
of micro-organisms, fats break down to glycerol and fatty 
acids. The higher fatty acids so formed can undergo 
further decomposition to the lower fatty acids, many of 
which (butyric acid, valeric acid, etc.) have unpleasant 
odours. 
Fats occur in sewage and industrial discharges such 
as wool scouring wastes, edible oil and fat refining wastes, 
wastes from soap manufacturing industries and laundries. 
(v) Carbohydrates - Carbohydrates are widely distributed 
in the animal and vegetable kingdom. They include simple 
sugar such as glucose as well as more complex polysaccha-
rides having the general formula (C^H,«0^) such as starch, 
o 10 D n 
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dextrin etc. Starch and dextrin are used in paper making 
and textile printing, and therefore sometimes found in 
paper and textile waste waters, 
(vi) Soaps - Soaps are strictly metallic salts of the 
higher fatty acids, or of resin acids. The sodium salts 
(•hard* soap) and potassixom salts ('soft* soap) are 
prepared by saponification of fats with boiling solutions 
of caustic soda and caustic potash respectively. Thus, the 
fat palmitin is converted by caustic soda to the soaps, 
sodium palmitate and glycerol. Soaps are found in sewage, 
sewage sludges, laundry wastes and textile wastes. 
(vii) Oil - Oil is most objectionable in a stream not 
only from an aesthetic standpoint on account of the visible 
pollution it causes, but also because it spreads to form a 
thin film on the surface and so tends to prevent diffusion of 
oxygen into the water, thus interfering with reaeration 
of the river water. 
Oil as a form of river pollution may come from barges, 
tankers, and boats or rivers or canals, or may be derived 
from industrial wastes, metallurgical industries, engineer-
ing works, garages, or any trade premises using lubricat-
ing oils or fuel oils etc. 
l6 
(viii) Tar - Tar is viscous dark brown or almost black 
liquid usually a little denser than water. 
The most important tar from pollution standpoint is 
coal tar which is a valuable by-product in the manu-
facture of gas from coal. Coal tar is characterized by 
the presence of appreciable quantities of phenols. Tar, 
in view of its content of such toxic substances as phenols 
and organic bases (e.g., acridine, pyridine, quinoline, 
etc.) is an extremely dangerous form of pollution in a 
river and its presence causes destruction of bacteria, 
fish and other aquatic life. 
(ix) Synthetic Detergents 
These compounds have caused much concern during the 
past few years owing to their tendency even in small 
amounts to cause foam on rivers. There is considerable 
experimental evidence that low concentration of synthetic 
detergents are toxic to fish. Dogens et al. (1950) have 
shown that the concentrations of only 5 ppm of some 
anionic and non-ionic synthetic detergents can kill certain 
fish in 5-100 hours though certain species can to some 
extent become acclimatized to the detergents. 
One tragicomic, though unexpected, result of pollution 
caused by synthetic detergents has been reported by Chase 
17 
(1952) in U.S.A. where mortality amongst ducks occurred 
in certain waters receiving sewage containing synthetic 
detergents. The normal protective oily coating on ducX 
feathers dissolved by synthetic detergents, due to which 
the feathers got waterlogged and the ducks drowned. 
(x) Organic Matter - The various organic compounds and 
materials, with few exceptions, can be broken down by 
micro-organisms present in river water, and dissolved 
oxygen is used up in these reactions. 
If the organic pollution load is small and the dilution 
by well oxygenated stream water is high, sufficient dissolved 
oxygen may be present to enable aerobic bacteria to break 
down the organic matter completely to relatively harmless 
and odourless end-products. The river thus recovers from 
the effects of pollution and is said to have undergone 
' self-purification,' 
However, usually, massive pollution by organic matter 
causes exhaustion of the dissolved oxygen. The remaining 
organic matter is then broken down by a different set of 
bacteria — the anaerobic bacteria which do not require 
oxygen but can utilise combine oxygen in the form of 
nitrates, sulphates, phosphates, organic compounds etc. 
Putrefaction then occurs, resulting in the breakdown of 
18 
organic matter to a different set of end-products, some 
of which (e.g., organic amines, organic sulphur compounds, 
hydrogen sulphide, phosphine, etc.) have objectionable 
odours and may be the cause of complaints. 
Table 2 shows the properties of some common organic 
pollutants. 
19 
Table 1 
CHARACTERISTICS OF INDUSTRIAL EFFLUENTS 
Nature of Pollutants in 
Raw Wasl^ ? 
Type of Industries 
1. Dairies High BOD, high dissolved and 
suspended solids, high rate of 
biodegradation/ oil and grease, 
acids or alkalis, odour on 
stagnation. 
2. Sugar 
3, Pulp and Paper Mills; 
a) Pulp Mills 
b) Paper Mills 
High BOD, 
low pH. 
high volatile solids. 
High pH, deep colour,some 
dissolved and suspended organics, 
high Suspended inorganics, and 
large volume of waste. 
High suspended solids (mostly 
fibre) inedixiin BOD and colour. 
4. Distilleries Low pH, high organic contents, 
i.e., BOD, colour and dissolved 
solids. 
5. Tanneries High organic content (BOD), high 
salt content, deep colour, high 
concentration of precipitable 
calcium content. Presence of 
sulphides,lime and chromium. 
(Contd.) 
20 
6. Slaughter Houses 
7. Textiles: 
a) Cotton 
b) Synthetic 
8. Organic chemicals 
9. Pharmaceuticals 
10. Oil refineries 
11. petrochemicals 
High BOD, colour, offensive 
odours on stagnation, iron. 
High pH, sodium content, organic 
matter and colour. 
Low pH, high dissolved solids 
content and toxic organics. 
High acidity or occasionally high 
alkalinity, toxic organics, toxic 
metals and salts. 
High total solids, high COD, high 
COD/BOD ratio, either acidic or 
alkaline. 
petroleum oils in free emulsion or 
soluble form, acids, alkalis,salts, 
phenols, soaps and resinous or 
tarry materials. 
Mineral oils in various forms, 
toxic and non-toxic organic 
acids and alkalis. 
12. Fertilisers: 
a) Nitrogenous 
b) Phosphatic 
13. Plating shops 
High pH and ammonia, resulting in 
toxicity to fish and scorching of 
plant root when used for irrigation, 
High flouride content. 
High acidity and toxic metal or 
high alkalinity and cyanides. 
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Chapter 2 
SURVEY OF LITERATURE 
2,1 Heavy Metals in River water and Wastewater 
Metals are conservative elements which can neither 
be destroyed nor detoxified by modern technologies. The 
contamination of water by metal ions is increasing which 
is being observed from 10 to 20 years continuously. Heavy 
metals occur naturally in aquatic environment. Release 
(both natural and man-induced may be by air-borne, liquid 
routes or as solid residues of manufacture which find their 
way into the aquatic system. The heavy metals are toxic 
at high concentrations but some are highly toxic even at 
Icwer concentrations and are readily concentrated by 
aquatic organisms and plants. They are generally water 
soluble, non-degradable, and vigorous oxidising agents. 
Due to these facts, many industrially developed countries 
have imposed regulations on their (and other toxicants) 
release into the environment. 
(i) Heavy Metals in River water 
Terajima et al. (1980) studied the distribution of 
Fe, Mn, Zn, Cu, Pb and Cd among river water, suspended 
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matter and bottom sediments. They found that the metal 
distribution in the river depends upon the organic 
STobstances. Most of the heavy metals dissolved in river 
water combined with the soluble organic stibstances. Their 
physico-chemical state was influenced by the characteristics 
of the organic substances present. 
The metallic contents in water and sediments of 
Nainital Lake was studied by Pande and Das (1980). The 
metals Cu, Co, Zn, Pb, Mn, Li, Na, K and Ca were found in 
the lake water and sediments at five different sampling 
stations. The levels of metals in the bottom sediments 
were found to be much higher than those in the water. 
Teherani et al. (1981) determined Zn, Mn, and As by 
neutron activation analysis and Hg, Cd and Pb by atomic 
absorption spectrometry. The Zn concentration was found 
to be 157.2-7424.2, Mn 230-257.5, As 6-96, Hg 0.05-0.35, 
Cd 1-21, and Pb 69-1180.5 ppm. They showed that Zn and 
Pb values at some points along the river was critical as 
compared with tolerance limit. 
Caristi et al. (1982) have found the levels of Cd, 
Cr, Cu, Fe, Hg, Pb and Zn in seawater samples collected 
in coastal waters of the Tyrrhenian and Ionian Seas 
(38 12' N, 15 34' E) during July-August and December-
Jcunuary 1981-82 nearly similar. Slightly higher concentrations 
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of heavy metals in the Ionian Sea were attributed to anthro-
pogenic pollution from Silician coast, as well as to the 
metal inflow from Adriatic Sea.• They also found that air 
pollution from eruptions of Mt. Etna volcano also contri-
butes to heavy metal concentrations in the region. 
Zhao (1982) compared the heavy metal contents for 
Pb, Zn, Cu and Cd in the Zhujiang river which were 77.39, 
43.62, 12.13 and 0.08 pg/1 respectively. Pb, Cu and cd 
in the Xiangjiang river were found to be 32, 30.03 and 1.46 
)ug/l respectively. The total and the suspended metal 
contents in the Xiangjiang river were well correlated with 
the correlation coefficients, viz., 0.98-0.99. The corre-
lation coefficient for Pb was 0.98 and Cd 0.27 in the 
Zhujiang river. 
Ajmal et al. (1983a) found that coal-fired thermal 
power plant was responsible for the elevation of metallic 
contents in the water and sediments of Upper Ganga Canal. 
Gebhardt et al. (1983) determined pb, Zn, Cd, Co, Cu, 
Or, Ni, Fe and Mn by atomic absorption spectroscopy in the 
water fronts sediments of the lower reaches of Wesser 
river. West Germany. These metals were concentrated in 
the river water from industrial effluents and emitted 
before being absorbed by the sediments. 
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Paul and Pillai (1983) have studied the distribution 
of the trace metals in tropical river environment. The 
fluvial concentrations of trace metals increased in water 
and decreased in sediments in the Periyar river, Kerala, 
India, during summer due to solx:JDilization and concentra-
tion by evaporation. The levels especially of Zn and Cd 
increased ten-fold both in water and sediments in the 
industrial zone. Solubilization in the backwater zone 
under high salinity was one of the major mechanisms of 
trace metal transport to the marine environment. River 
meandering was responsible for large scale deposition of 
suspended solids in the industrial zone during the monsoon 
period. 
The heavy metal contents in acidic rivers in the 
Nagano prefecture, Japan, were investigated by Katsuno 
et al. (1984). The highest concentration was of Fe at 7,9 
mg/1 (maximxim) , Cd, pb, Cr(VI) , Cr, As and Ni were found 
below the water quality standards. 
The heavy metal concentration in Elbe river was 
determined by seven different methods by Knoeehel et al. 
(1983) with thirty-three research groups. The relative 
standard deviation was found 7-50 % for most of the elements 
with higher values for Cr and As (130 %) and Pb, Br, Ni, Hg, 
and Cd (60-80 % ) . 
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Melchiorri et al. (1984) deteirmined the concentration 
of heavy metals in the waters of Tiber river and in waters 
of the coastal area surrounding the mouth which showed 
that t^ e river caused significant pollution in the near-
shore as well as some in the offshore areas. 
The contribution of domestic waste waters to heavy 
metal pollution of the river in Nara City, Japan, was 
studied by Yoneda et al. (1984). Sediment samples were 
collected at polluted points by domestic waste waters and 
pollution-free points and analysed for heavy metals and 
total organic carbon. The heavy metal concentration 
exhibited a log-normal distribution at pollution-free 
points respectively. 
The concentrations of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb 
and Zn in the water and sediments of Yamuna river, India, 
were determined by Ajmal et al. (1985a). The data showed 
that there was considerable variation in the concentration 
of metals from one sampling station to the other which may 
be due to the variation in the quality of industrial and 
sewages being added to the river at different sites. 
Ag, B, Cr, Cu, Fe, Mn, Pb, Ti, V and Zn concentrations 
of waters and sediments of the Sirava reservoir and the 
Cirocha and Laborea river, Czechoslavakia, was compared 
by Pliesovska (1985). The concentration of Fe exceeded 
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the limiting values. The sediments of the reservoir has 
higher metal concentrations than those of the river, but 
could still be considered unpolluted. 
The concentrations of Pb, Hg, Cd, Cr, Cu and Zn in 
Ta-Chia river water was determined by Liang et al. (1985). 
The samples were taken just above and below the Pu Tzu, Kou 
water works during March to May, 1984, and were analysed 
by anodic stripping voltammetry, differential pulse polaro-
graphy and atomic absorption spectroscopy. 
Filonov (1985) studied the total content of Fe, Mn, 
Co, Ni and Zn in the mixing zone of the Razdalonaya river 
and Amursky Zaliv, U.S.S.R. The metal content decreased 
with increasing water salinity. The dissolved phase of 
the water was characterized by the redistribution of metal 
migration forms. For all metals, the fraction of the 
inorganic form in the estuarine water increased from the 
river water to sea water, whereas the concentration of 
metal chelates was found to decrease. 
The source of metal (Cu, Pb, Cd, Cr) pollution in 
Tyrrhenian river and sea water of S. Rossore Park (Pisa) 
was studied by Betti et al. (1985). Pb, Cu and Cd concen-
tration was always found higher in the river water than 
at the reference station, reaching maximum values around 
the mouths of the rivers. Cd concentrations exceeded the 
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minerals r i sk l e v e l s . Chromium concentrat ion was always 
found below the detec t ion l i m i t . These r ive r s were found 
to be the main sources of metal po l lu t ion in coas ta l waters . 
The organic po l lu t an t s and heavy metals in the 
Miss iss ippi r ive r have been studied and compared by 
Deheon e t a l . (1986). The water samples were co l lec ted 
along the e n t i r e length of r i v e r , and were screened for 
semi-vo la t i l e organic matter by c a p i l l a r y gas-chromatography 
and for heavy metals by atomic absorption spectrophotometer. 
Pressouyre and Cadet (1986) determined metals in 
drinlcing and r iver waters by technique of induct ively 
coupled plasma. The concentra t ions of metals such as pb, 
Ni, Cr, Cd, Al, Fe, Mn, P, Ag# V, Be, Ba, Co, B, determined 
by t h i s technique vere found sometimes complementary with 
atomic absorption technique. 
The concentrat ions of As, Cd, Cr, Cu, Hg, Ni, pb and Zn 
in the sediments co l lec ted a t e ight d i f f e r e n t sampling 
s t a t i o n s from the Danube r i ve r , Aust r ia , were determined 
by Kral ik and Sagar (1986). The concentrat ions of As, cd, 
Cr, Cu, Hg, Ni, Pb and Zn were found t o be 10-32, 0 .3-3 .2 , 
90-205, 40-135, 0 . 4 - 3 . 3 , 42-115, 20-140 and 95-829 ppm 
respec t ive ly . 
The concentrat ion of t r ace elements (Ca, As, Sb, Sr , 
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Al, Mg, V, Ba, 2n and Rb) in the Tama river, Japan, was 
determined by Suzuki et al. (1987). The trace metals con-
centration have been found to be almost the same throughout 
the entire drainage system, whereas Br, Ni, Mn, Fe, Co, Cl, 
K and Na concentrations were found to increase from the 
upper to the lower reaches of the river. 
Ajmal et al. (1987) have studied the concentration 
of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn in the water and 
sediments of the Ganges river by atomic absorption spectro-
photometry. The ranges of concentrations of Cd, Co, Cr, 
Cu, Fe, Mn, Ni, Pb and Zn found in the water were ND-0.53, 
ND-4.89, '3.20-56.6, ND-27.57, 22.0-133.8, 35.0-93.0, 
ND-2.22, 2.0-5.6 and 7.37-67.36 jag/L and in the sediments 
were ND-3.48, 2.35-14.4, 9.0-83.16, 11.27-95.0, 2168.0-
1164.8, 110.5-470.0, 3,45-28.80, 0.55-21.8 and 72.0-418.6 
jug/g respectively. They also (1987) have shown high levels 
of Cd, Cr, Co, Cu, Fe, Ni, Pb and Zn in water, sediments, 
plants and fish of Hindon river. 
Mathur et al. (1987) determined the pollution load 
on the Ganga river at nine different sampling stations in 
Varanasi region covering a distance of 12 Jan. The data 
indicated the presence of the heavy metals such as Cu, 
Pb, Cd, Cr, Ni, Mn, Zn and Co mainly at the confluence with 
the sewers. 
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Dissolved and p a r t i c u l a t e Zn, Cd, pb, Cu and Hg concen-
t r a t i o n s were determined by Robinson e t a l . (1988) in streams 
receiving waste discharges within the New Hope and Haw 
River sub-basins in Central North Carol ina . S igni f icant 
percentages of the t o t a l mean (Zn 50-72, Cu 33-54, Hg 
50-59 and Pb > 40 %) were t ranspor ted in the p a r t i c u l a t e 
f r ac t ions , whereas < 20 % Cd was observed in the f rac t ion . 
More Zn, Pb, Cu and Hg was measured during high flow events 
and via suspended sediments. Total mean concentrat ions 
decreased in the order Zn > Cu > Pb '^ Cd > Hg with the 
i n d u s t r i a l i z e d Haw River sub-basin t r anspor t ing more metals 
than the New Hope sub-basin . The metal concentrat ions 
determined were f a i r l y t yp i ca l for streams receiving 
municipal and i n d u s t r i a l wastewaters . 
Benoliel e t a l . (1988) have s tudied the r e l a t ionsh ip 
of heavy metal concentrat ions with organic matter and fine 
f rac t ions in sediments. They co l lec ted samples of super-
f i c i a l sediments and core from five s t a t i o n s within Ria 
Formosa, Por tugal , during 1983, 1985 and 1986. Samples were 
analysed for t race meta ls , g ra in - s i ze and organic mat ter . 
S ign i f ican t l i nea r regress ions were obtained. The study 
showed the influence of anthropogenic sources in Sta t ion 1 
where higher values of Cr, Cu, Pb, Hg and Zn were formed. 
Sarmani (1989) has s tudied the d i s t r i b u t i o n of heavy 
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metals in water, suspended materials and sediments in the 
Langat River, Malaysia, between September 1984 and February 
1985. The concentrations of As, Cd, Ce, Co, Sc, Sb and Zn 
were generally highest in the suspended materials whereas 
the concentrations of Cr, Rb and Th were always highest 
in the sediments. As concentrations in the river were 
slightly higher than the natural concentrations, while 
other elements were generally at their natural concentra-
tion level. The source of As pollution may be due to use 
of arsenical herbicides in plantations along the river. 
Ferrari et al. (1989) have studied the behaviour of 
cadmium, lead and copper in the marine deltaic area of Po 
River. They found that the total amount of heavy metals 
in solid phase of the water samples decreases according 
to the dispersion and sedimentation processes of the 
fluvial load in the marine water. They have also shown 
a Satisfactory correlation between Cu and Pb and total 
suspended matter. 
(ii) Heavy Metals in Wastewater 
Angelova et al. (1980) have studied the removal of 
heavy non-ferrous metal from lead-zinc plant waste water 
by extraction. The higher fatty acids, C -C , were 
14 18 
used for these extractions. 
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Lieser et al. (1980) have studied the separation of 
trace elements from natural waters and wastewaters separa-
tion from Rhine river water by ion exchange and adsorption, 
separation from seawater by activated carbon adsorption in 
the presence of complexing agents, separation from mineral 
waters by use of a chelating cellulose exchanger, separa-
tion from wastewater by co-precipitation with Fe(OH) or 
FePO , and separations of actinides by co-precipitation 
with BaSO was reported, 
Kumar and Dara (1981) have studied the removal of 
toxic heavy metal ions from industrial wastewater using 
onion skins treated with HCHO [ 50-00-0 ] and H^SO^ and 
had adsorptive capacities Cu 1.6, Cd 1.55, Pb 1.35 and 
Zn 1.23 mequiv/g. The modified onion skins were repeatedly 
used after regeneration with HNO . They also found that 
flour waste, rice husks, rice straw, garlic skins and NaOH 
treated bagasse also had appreciable capacity to bind heavy 
metal ion. 
Heavy metals from the metallurgical processing and 
electroplating wastes have been removed by Cullen et al. 
(1982), by contact with ion exchange media produced by 
treating brown coal, peat or saw dust with aqueous lime 
slurry. They obtained the following metal concentrations 
Hg 0.0005, Cu 0.02, Zn 0.02, Cd 0.05, Pb 0.1 and Mn 0.2 
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mg/L by using calcium loaded brown coal as the extracting 
medium. 
The method of treatment of zinc-containing waste water 
with neutralization-coagulation and precipitation have been 
suggested by Su and Lou (1983). Zinc was treated with 
NaOH to adjust pH values to 8 + 0.5 for coagulation pre-
cipitation. 
Chrome-plating waste was treated with lignite and 
the concentration of Cr(IV) was found to decrease rapidly 
at low pH and at high temperature. The Cr(VI) ion adsorp-
tion on lignite was found to be greater than Cr(III) ions 
(Nlshimura, 1984). 
Ajmal et al. (1984) have studied the removal of chromate 
and chromium(VI) from electroplating wastes by using clay 
sand mixtures as adsorbents. It was found that the sand 
mixtures having high clay content were found to be a 
suitable media for the removal of Cr from the wastes. 
Loizldou (1985) have studied the removal of heavy 
metals by natural zeolites, Clinoptilolite and mordenite 
have similar exchange capacities (2.19 and 2.11 mequiv/gm) 
respectively. They observed that clinoptilolite has 
higher exchange capacity than mordenite in the removal of 
Cd and Pb from wastewater. The maximum exchange capacity 
of clinoptilolite and mordenite for Cd was 0.66 and 
0.33 respectively and 0.8 and 0.33 for Pb respectively. 
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The removal of metal ions from wastewater was studied 
by Sloan et al. (1984) by the help of 3 algal species with 
a concentration factor. 
Tan et al.(1985) have studied the uptake of metal ions 
by chemically treated hvunan hair. They found the uptake 
capacity as Hg (Hg ) > Ag > Pb > Cd > Cu (Cu ) > 
6+ 2+ Cr > Ni . The presence of other metal ions have been 
found to greatly affect the capacity. The adsorption of 
a single metal ion was affected very little by the type of 
anion associated with it, but has been found to be more 
pronounced for mixed metal ions. 
The sorption of heavy metals with corncobhydroxylate red 
onion skin resin was carried out by Odozi and Emelike (1985). 
2+ 2+ 2+ 2+ 2-f 
The removal for Pb , Cd , Zn , Cu and Hg have 
been found to the extent of 94.6, 91.4, 90.6, 86.4 and 
82.8 % respectively. The maximum capacities per gram of 
the substrate were 1.09, 1.41, 1.39 and 1.21 mequiv, for 
„ 2+ _ 2+ ^2+ , ,^v.2+ ^, , Zn , Cu , Ca and Pb respectively. 
Trivedi and Khomane (1985) have studied the removal of 
nutrients from distillery, cotton textile and metal working 
waste water by water hyacinth. 
The removal of heavy metals by adsorption from waste 
waters were reported by Kato et al. (1986). Two litres of 
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2+ 2+ 
wastewater containing .—-50 ppm each of Cu , Zn and 
2+ 
Pb were mixed with 0.2 mol FeSO.# mixture adjusted to 
4 
pH 10 and stirred for 4 hours. Barixom ferrite was added 
to the resulting solution to precipitate the heavy metals. 
The supernatant liquid was found to contain Cu 0.05, 
Zn 0,03, Pb 0.1 and Fe 0.07 ppm. 
Bhargava et al. (1987) have studied the removal of 
heavy metals, such as Cr, Pb and Cd from synthetic waste 
water by adsorption. Saw dust was used for removal of 
low concentrations (1-5 mg/1) of heavy metals (Cr, Pb and 
Cd) . The efficiency of removal was determined by metal 
concentrations, the amount of saw dust and the contact 
time. It was found that at higher metal concentrations 
( >10 mg/1), lower was the efficiency of removal. Cr was 
more efficiently adsorbed than Pb and Cd. 
Saw dust coated with reactive dye, procion-red or 
procion-yellow was used for the removal of many metal 
ions from acjueous solution (Suemitsu et al., 1986). They 
found that the solutions containing .—'100 ppm of metal 
ions were used in batch and column experiments. The 
adsorption was found to be pH dependent and independent 
of temperature. 
Chalakhapplllay et al. (1987) have studied the removal 
of mercury from industrial wastes by adjusting pH. The 
37 
r e s i d u a l Hg was found to be ^ O.Ol mg Hg/L. 
The removal of mercury from was tewate r by a c t i v a t e d 
carbon was r e p o r t e d by Mashima e t a l . (1988) . The HgCl 
s o l u t i o n (1 mg Hg/L) was t r e a t e d by a c t i v a t e d carbon 
(coconut husk) in the presence of 0 . 1 % NH-OH a t pH '—> 2 
f o r 9 h o u r s . The method was found t o be s u i t a b l e for Hg 
removal from an a c i d i c was tewate r c o n t a i n i n g Na^SO,, KNO. 
2 4 3 
or sodixim tartarate at ^ 7,0. The spent carbon was 
regenerated by elution of Hg with Iw HNO / or 5 M H SO . 
Wolverton et al. (1988) studied the pH adjustment and 
removal of toxic chemicals and dissolved minerals from 
contaminated water by aquatic plants: Panicum repens and 
Scirpus colifornicus. The initial concentrations of 
CN- were 0.72-32.8 ppm was reduced to < 2 ppm by S.colifor-
nicus and pentachlorophenol concentration of 0.85 ppm was 
reduced to 0.04 ppm by P. repens in 24 hours. The TDS in 
P. repens filter system were reduced from 988 to 588 mg/L 
in 7 days with 40 % water loss due to evapotranspirtation. 
Adjustment for the water represents a TDS removal rate of 
•—'83 %. 
Nagy et al. (1988) have reported the removal of Mg, 
Al and Cd from waste water of cadmium sponge manufacturing 
factory by treating with sodium sulphide. They have also 
described the treatment of waste waters from the regeneration 
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of ion exchanger columns. 
Tee et al. (1988) have reported that waste tea-leaves 
were good sorbent for Pb, Cd and Zn ions. The extent of 
adsorption depends on pH, ionic strength, metal concentra-
tion, sxobstrate concentration and the presence of 
interfering ions and surfactants. They observed that 
the adsorption capacities of tea leaves were 0.381, 0.28, 
and 0.18 mmol/gm for Pb, Cd and Zn respectively. The 
relative affinities of metal ions towards waste tea leaves 
was in the order of Pb Cd Zn. 
Andrakhimov (1988) have studied the removal of metals 
from acidic waste waters (pH 2,2) of petroleum refining 
catalyst manufacture containing'Fe 36, Cu 41, Mo 29, and 
Zn 22 mg/L by treating with milk of lime to adjust pH 
5,5-6,5, The precipitate was separated by settling and the 
efflxient was neutralized to pH 8,0-8,5. The metal removal 
>95 % was obtained. 
Murakami et al. (1989) have studied the treatment of 
wastewater containing heavy metal complexes by addition of 
Mg compound and S compound to it and adjusting the pH 10-12. 
The treated water was found to contain ^ 0.1 mg/L Cu and 
^0,1 mg/L Fe. 
Gonzalez et al. (1989) have reported that the roots 
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of water hyacinth (Eicchornia crassipes) can be used as 
a bioindicator of heavy metal pollution. In the Sagua 
la Grande River downstream from the city, levels of metal 
in water hyacinth root were lower than within the city but 
still indicated the influence of pollution from the city. 
Ajmal et al./ (1989) have studied the separation, 
estimation and recovery of Hg(II) from rivers and industrial 
wastewaters. Thin layer chromatography in combination with 
spectrophotometry was applied using silica gel layers 
impregnated with 2 % oxalic acid as stationary phase with 
an ethyl acetate : acetone : formic acid : water (8.7:4:1) 
solvent system. 
2.2 Organic Pollutants in River water and 
Wastewater 
The contamination of water supplies and other water 
resources by organic siibstances has become an issue of 
global significance. Hundreds of synthetic organic com-
pounds have been identified in water sources. Most of 
these organics originating from industrialised areas, have 
been demonstrated to be potentially toxic or carcinogenic 
in nature. The international trade in toxic chemicals 
indicates a tremendous rise from 4 billion $ in 1970 to 
25 billion $ in early of this decade, most of which are 
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p e s t i c i d e s . They are used as agrochemicals and f e r t i l i z e r s 
r e su l t ing in contamination of the environnient including 
water bodies which often have d i sas t rous consequences. 
Environmental po l lu t ion caused by pes t i c ides has not been 
much studied in India , though t h e i r use has been inc reas -
ing rapidly. Of addi t ional concern is the natura l organic 
compounds t h a t can be transformed in to p o t e n t i a l l y 
hazardous substances in the treatment process, p a r t i c u l a r l y 
halogenation. 
(i) Organic Po l lu t an t s in River Water 
Caceres e t a l . (1980) determined the concentrat ions 
of chlor inated pes t i c ides residues in waters of Broa 
rese rvo i r and i t s t r i b u t a r i e s , B r a z i l . The concentrat ions 
of the pe s t i c ide s were found to be o<-BHC [319-84-6] 
0.200-530, V -BHC [58-89-9] 0.005-0.20, p-BHC [319-85-7] 
0.005-0.017, heptachlor [76-44-8] 0.033-0.680, a ldr in 
[309-00-2] 0.018-0.048, d i e l d r i n [60-57-1] 0.005-0.010, 
endrin [72-20-8] 0-0.160, DDT [50-29-3] 0-0.136, and 
chlordane [12789-03-6] 0.010-0.077 ^g/L. 
Keith e t a l . (1981) s tudied the cha rac te r i sa t ion and 
determination of organic po l l u t an t s in sediments from the 
Miss iss ippi and Calcasieu r ive r s in Louisiana and the 
Congaree and an unident i f ied r i v e r in South Carolina. They 
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found that the polycyclic aromatic hydrocarbons (PAH) in 
the Congaree river contained few alkylated species which 
is an indication of pollution from oil refining activities 
and industrial process whereas those of Calcasieu river 
were heavily alkylated which is indicative of pollution 
from combustion process. The Mississippi river samples 
had numerous N-containing heterocyclic compounds and 
chlorinated aromatic compounds indicative of pollution by 
synthetic organic chemicals and chlorinated pesticides. 
Frank et al.(1980) have studied the polychlorinated 
biphenyls (PCfl) in 214 surficial sediment samples in 
1972-73 from the Bay of Quinte, Lake Ontario. The mean 
residue from the whole bay was 48+43 ng/g. The Trenton 
basin had the highest mean residue of 74 ng/g and the 
Adolporus basin, the lowest at 33 ng/g. The over all 
distribution was patchy but high concentrations off the 
Trent river and east of the Moira river indicated that 
these two rivers are the major source of PCB to the bay. 
Artem'ev (1981) found the total organic carbon (TOC) 
in estuarine waters of USSR southern seas ranged from 
4.23-12.23 mg/L (av. 6.42 mg/L) during flood period of 
April-May, 1976. The total concentration of carbohydrates 
and carbohydrate-like compounds was 1.15 mg/L for the plain 
rivers and 2.8 mg/L for the mountain rivers. It was found 
that the concentration of TOC and carbohydrates in suspended 
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matter were related to the water turbidity and the organic 
matter distribution was uneven. 
Jaffe et al. (1982) studied the distribution of 
chlorinated organic pesticides in rivers using the nested 
design technique as a statistical methodology. The nested 
design showed that the chlorinated pesticides were uni-
formly distributed vertically except aldrin [309-00-2] 
and suspended sediments. The pesticides appeared to 
behave as conservative substances but could have decay 
coefficients as high as 0.34/km without being detected. 
The trihalomethanes in samples of raw water taken 
from the Llobregat river and at different points in the 
plant at Sant Joan Despi supplying water to Barcelona, 
Spain, was studied by Rivera et al. (1982). The concentra-
tion of trihalomethanes in 1979, 1980, 1981 exceeded 100 ppb, 
the EPA upper limit for drinking waters which was due to 
large quantities of organic matter containing trihalome-
thane precursors found in raw water at chlorination process. 
The very high level of bromoethane was due to high Br' 
levels in raw water draining from mines upstream of the 
purification plant. 
Zasadowski and Berczak (1982) have obtained a statis-
tical correlation between the concentration of phenols in 
water from the upper Odra river and in tissue of rouch 
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caught in the river. The concentration of phenol varied 
from 0,024 to 0.350 mg/L due to the seasonal pollution 
by industry. The phenol content in the muscle tissue of 
roach, 5-9 year old, was 0.250-1.250 mg/kg which import 
unpleasant taste to their flesh. 
Dietrich et al. (1983) have detected fifty-two organic 
pollutants in Haw river water, Noirth Carolina,by using 
current advanced methods of extraction, concentration and 
identification by gas chromatography/mass spectrometry. 
The sampling site at the Town of Haw River, located in 
the industrialised Piedmont, contained the greatest number 
of trace organic compounds, followed by sampling site at 
Bynum, downstream from the Town. Oak Ridge, the sampling 
point located upstream from the town had the fewest trace 
organic contaminants and they were dissimilar to those 
found at the other two sites. 
The levels of DDT, PCBs, and HCB in the sediments of 
Lake Geneva and the Upper Rhone River was studied by Thomas 
et al. (1983). DDT metabolites were widespread and 
indicated residual DDT sources in the Rhone watershed and 
other minor lake tributaries. HCB and PCB both were found 
at high levels in the most upstream sairples of the Rhone 
River which may be indicative of substantial atmospheric 
loadings to the Lake Geneva Basin. 
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The use of coupled-column HPLC and MS using field 
desorption and fast atom bombardment ionization for the 
separation and identification of organics isolated from 
river and drinking waters were reported by Crathorne et al. 
(1984). The non-volatile organics identified were poly-
chlorinated terphenyls, non-ionic and cationic, surfactants, 
pharmaceuticals, pesticides and epoxy resin constituents, 
the majority being anthropogenic in nature and many were 
found to be biologically active. 
Platford et al. (1984) have studied the distribution 
of chlorinated hydrocarbons between the surface microlayer, 
subsurface water and sediment of Detroit River. They found that 
the unfiltered surface microlayer contained heptachlor, 
o,p-DDD, o,p-DDE, 1, 2, 4 trichlorobenzene, endrin and 
hexachloroethane. 
Butler and Arruda (1985) have carried out routine 
monitoring in Kansas surface waters : 1973-1984. They 
found atrazine (17 % ) , alachlor (5 %). 2,4-D (4 % ) , and 
Dual (4 %) to be the most consistent pesticides since 
1977, The occurrence of most of the pesticides was 
probably related to use and runoff conditions. Pesticides 
were detected in treated drinking water although treatment 
reduced the concentrations about one-third from those 
found in the raw lake water. 
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Sediment samples taken from Buffalo River, New York, 
have been analysed for polychlor inated planar molecules, 
which were found to be highly toxic (Kuehl e t a l . , 1984). 
The residues of chlor inated dibenzofuran, f luorene, 
biphenylene, phenanthrene (anthracene) , naphthalene and 
9H-carbazole were iden t i f i ed of which 1 ,3 ,6 ,8 - t e t r ach lo ro -
9H-carbazole was the major chemical cons t i tuen t in the 
sediment as high as 25 ng/g a t one s i t e . 
The d i s t r i b u t i o n and seasonal va r i a t i ons of petroleum 
residues in the Shatt-Al-Arab water column have been 
determined spect rof luometr ica l ly by Douabul and Al-Saad 
(1985) . The amounts of hydrocarbon were found highest 
in winter (av. 17.4 ;agL"' ) and lowest in summer (av. 3.1 
jagL~ ) which or ig ina ted from diverse sources . 
Onodera e t a l . (1986) s tudied the d i s t r i b u t i o n of 
Organochlorine pes t i c ide residues in the lower Chao Phraya 
r i v e r and channels along the r i v e r a t Bangkok metropoli tan 
areas during 1982-1984. The averages of the p e s t i c i d e s in 
the water in April and October, 1984, were reported to be 
0.233 and 0.100 ;ag/L re spec t ive ly . The concentrat ion of 
C<-BHC, a ldr in and d i e ld r in in the r i v e r water in siimmer 
were 3-10 times higher than in the rainy season. The 
pes t i c ide s in r i ve r sediments were found 200-300 times 
higher than in water. 
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Wang et al. (1986) have detected twenty-seven organic 
pollutants in river water and bottom sediment of the 
Beijing drainage canal, China. They found that the con-
centration of PhOH [108-95-2], p-cresol [106-44-5], 2,4-di-
chlorophenol [120-83-2] and trichlorophenols in water 
exceeded the permissible limits. HCH [58-89-9] pesticides 
and nltrosoamines were also detected in water and sediment 
respectively. 
Schoeler and Schmitz (1986) have studied the occurrence 
and persistence of halogenated organic compounds in the 
Sieg River, West Germany. The concentrations of halo-
hydrocarbons produced during the treatment of drinking and 
wastewater were found to be 0.1-40 pg/L. The compounds 
were effectively eliminated by natural aeration. 
Chevreuil et al. (1987) studied PCB pollution behaviour 
in the River Siene, France, at Paris and downstream from 
Paris. They found the median concentration in sediment 
reached 3800 ppb. Partition coefficients between parti-
culate matter and the liquid phase were computed which 
showed that the liquid phase was responsible for trace 
pollutant transport. 
Kaneko et al. (1987) have determined the concentration 
of pesticides in river water and sediments (Japan) by 
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GC/ks. They found simetryn in water (0.3-1.3 pg/L) and 
sediment (8-18 ;ag/kg) but EPN [phenylphosphonothiocic acid 
0-ethyl o-(p-nitrophenyl) ester] and dimethoate were not 
detected. 
The occurrence of polychlorodibenzodioxin (PCDDS) and 
polychlorodibenzofuran (PCDFs) in the Dutch aquatic environ-
ment was investigated by Turkstra and Pols (1987). PCDDs 
and PCDFs were found commonly in sediments at 0.01-0.10 
ng/g levels except in two sediment samples. They found the 
contamination of sediments was related to diffusive sources 
and border crossing loads of the rivers Rhine and Meuse. 
Brauch and Kuehn (1988) found the concentrations of 
organic micropollutants in Rhine river below 1 mg/m 
(except NTA and EDTA) . Most of the pollutants (halocarbons, 
aromatic hydrocarbons, aromatic compounds, pesticides, etc.) 
were removed by bank filtration and the persistent pollu-
tants in raw waterworks were removed by ozonization and 
activated carbon adsorption. 
The sources,levels and environmental fate of poly-
chlorinated dibenzo-p-dioxin (PCDD) and polychlorinated 
diben2c£uran(PCDF) congeners in abiotic compartments of the 
Rhine River and its tributaries were investigated by Evers 
at al. (1988) . They found that the Dutch delta area of 
the river was polluted predominantly by only a small 
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number of industrial sources. 
Marcus et al. (1988) have studied the polynuclear 
aromatic hydrocarbon and heavy metal concentrations in 
sediments at coastal South Carolina marinas. Sediments 
composed of larger coarse-grained particles exhibited 
lower concentrations for the pollutants of both cate-
gories than the finer particles. They concluded that hydro-
carbons provided better chemical parametric detection of 
recreational marine activities in estuarine waters than 
did heavy metals. 
Al-Omar et al, (1989) studied the effect of a sewage 
treatment plant in the distribution of organochlorine 
residues in the Diyala River* Iraq. Lindane, aldrin, 
dieldrin# heptachlor, heptachlor epoxide, chlordane and 
isomers and metabolites of DDT were detected in sediments 
and water samples, Chlordane and DDT being the most 
frequent having highest concentration. 
The water quality and pollutant load of the Umeda 
River, J^an, was studied by Enari et al. (1989) . The 
upper region has a high self-purification capacity but the 
water quality was poor due to the organic pollutant load 
exceeding the capacity. The water quality improved in 
the middle region because of dilution and self-purification. 
The lower region was found to have poor water quality due to 
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inflows of organic po l lu t an t s from the basin r e su l t i ng 
in lowest s e l f - p u r i f i c a t i o n capac i ty . 
( i i ) Organic Po l lu t an t s in Wastewater 
Kanagawa e t a l . (1980) have s tudied the degradation 
of organophosphorus wastes by ac t iva ted s ludge. The 
acclimated, ac t ivated sludge degraded 500 mg/L of 0, 0-
Dlmethyl phosphorodlthioate (DMDTP) in 7 h r s . a t pH 
6 ,5-7 .0 . The ac t iva ted sludge acclimated to DMDTP degraded 
dimethyl phosphorothioate [112-38-5], dimethyl phosphate 
[813-78-5], d ie thy l phosphorodlthioate [298-06-6] and 
d ie thy l phosphate [598-02-7]. 
The removal of pes t i c ides from waste water by pH, emul-
s ion breaking with a ca t ion ic polymer, c l a r i f i c a t i o n , and 
adsorption on ac t iva ted carbon columns was s tudied by 
Holiday and Hardin (1981). They found the overa l l removal 
eff iciency averaged 99 %. 
The treatment of organic wastewater was studied by 
Kajima Corp. (1980), Japan, by c i r c u l a t i n g i t in a vessel 
divided by a p a r t i t i o n in to an a i r in jec t ion and an oxidation 
c e l l with lace frames in s e r i e s . They found t h a t with 
lace frames of vinylidene chlor ide f ibe r , wastewater 
containing 500 ppm 3.7 or 10.9 L/min was t rea ted at BOD 
load 0.2 or 0.6 kg/m /day for 6 or 2 h r s . with a i r inject ion 
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50 or 70 L/min to contain BOD < 3 or < 9 and suspended 
so l ids < 3 each/ r e spec t ive ly . 
Thebault e t a l . (1981) suggested the removal of lindane 
[58-89-9], 3,4-ben2opyrene [50-32-8], d i -E t ph tha la te 
[84-66-2] , and di-Bu ph tha la te [84-74-2] from wastewater 
by aluminium polychloride [1327-41-9] and PeCl . For the 
f i r s t 2 micropol lu tants , the isotherms obeyed Henry's law 
whereas for the o t h e r s , adsorption was due to a f i r s t order 
phase change in the adsorbed l aye r due to the influence of 
l a t e r a l bonds. 
Renberg (1981) developed a s e n s i t i v e and f a s t e r method 
for detect ion of phenolic compounds in wastewater samples 
by GC. The phenols were converted to the corresponding 
acyl de r iva t ives by means of pentafluorobenzoyl chlor ide 
[2251-50-5] before being analysed. 
Takehara and Hiratsuka (1982) have suggested a rapid 
determination of organophosphorus pes t i c ides in waste-
waters based on Me CO e x t r a c t i o n - u l t r a s o n i c i r r a d i a t i o n 
and gas chromatography using a flame thermionic de tec to r . 
The detect ion l imi t of these p e s t i c i d e s was found to be 
0.1 mg/L, the recovery of 1.0 mg/L pes t i c ide in water 
containing 100 mg/L soyabean o i l was 99-106 % and the 
reference standard deviat ion was 2,7-8.7 %. 
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Mil la r e t a l . (1982) have s tudied the procedure for 
analysis of pes t i c ides and PCB•s in i n d u s t r i a l and municipal 
wastewaters using two gas chromatographic coliimns and two 
d e t e c t o r s . The method was found s a t i s f ac to ry for analysis 
of clean waters and wastewaters having a r e l a t i v e l y low 
background of i n t e r f e r ences . 
Bao and Zhao (1983) have s tudied the gas chromato-
graphic determination of chlorobenzenes in i n d u s t r i a l 
Wastewater using petroleum e ther as the solvent for ex t r ac -
t i o n . All of the twelve chlorobenzenes were completely 
separated^the mean recovery was 93,5 % and maximum re l a t i ve 
standard deviat ion < 4 %. 
The removal of ch lor ina ted hydrocarbons from waste-
water was s tudied by Lichtenste in and Schippert (1983). 
1 ,1 ,1- t r ich loroethane [71-55-6] and other chlor inated hydro-
carbons were e f fec t ive ly removed from wastewater of pr in ted 
c i r c u i t e l e c t r o p l a t i n g e f f luents by steam s t r ipp ing and 
adsorption on ac t iva ted C for recovery of the so lven t s . 
Chlorinated phenols in water , wastewater, and waste-
water sludge was determined by c a p i l l a r y GC/ECD by Buisson 
e t a l . (1984). Dichloromethane was used for ex t rac t ion 
and a l k a l i for back-ex t rac t ion . They found t h a t the mean 
recovery was 70 % with r e l a t i v e standard deviat ion of 7-15 %, 
dependent upon sample matr ix . 
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Riggin and Strup (1984) developed a screening method 
for the detection of total polynuclear aromatic hydrocarbon 
concentration in industrial effluents. Solvent extraction, 
alumina column chromatographic cleanup and UV absorbance 
detection was employed. They found that this method required 
much less time than required for U.S. EPA method 610 and 
the equipment is also less expensive. 
Scheglova et al. (1984) have determined a mixture of 
acetone/ cyclohexanone and butyl acetate in wastewater 
from synthetic leather production factory. They determined 
the concentration of MeCO [67-64-1], BuOAc [123-86-4], 
r "y —8 
and cyclohexane L108-94-1J with a sensitivity of 10 A and 
an average standard deviation of 0.16 mg/L, 
Toda et al. (1985) studied the treatment of organic 
waste by activated sludge. They observed that wastewater 
containing alcohols (COD 4000 ppm) treated with 4000 ppm 
Mn 
^2^2' ^^^ P^" ^® ^^ P" ^'^ ^^ ^° ^ ^^^ oxidized for 4 hrs 
reduced the COD and H^O^ concentrations to 1100 ppm and 
410 ppm respectively. No sludge was formed because of 
formation of Fe-organic complexes. 
Ohgane et al, (1986) have detected low boiling point 
chlorinated organic compounds in industrial wastewaters, 
groundwater and river water in Sendai City, Japan. Two 
cases exceeding the environmental discharge guidance for 
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C-Cl. (100 jsq/h) were found in laundry wastewaters due to 
inadequate wastewater t reatment f a c i l i t i e s and one ground-
water sample exceeded the guidel ine for C HCl (30 ^g/h) 
due to unknown cause. 
The removal of organic tanning agents from lea the r 
processing wastewaters by f loccula t ion with prokin-
containing spent lime l iqour and separat ion by e l e c t r o -
f loa ta t ion was studied by Belozorova and Sab l i i (1986). 
They found t h a t the t r ea ted e f f luent contains 1.54 g/L 
tannin and 250 mg/L of suspended so l ids which can be 
reused in production or discharged in to municipal sewer 
a f t e r addi t ional treatment by f i l t r a t i o n . 
Hagenmaier and Berchtold (1986) have analyzed the waste 
from production of sodium pentachlorophenolate for poly-
chlor inated dibenzodioxin (PCDD) and PCDP by HPLC. The 
major components found were HCB [ l l 8 - 7 4 - l ] , oc tach loro-
dibenzo-p-dioxin [3268-87-9], decachlorobiphenyl [2051-24-3] 
decachlorodiphenylether [31710-30-2] and PCP [87-86-5] . 
Wang (1987) found tha t the treatment of organic waste-
water by adsorption on ac t iva ted carbon depended on the pti. 
of solut ion and the forms of organic presen t . They found 
tha t PhNH^ adsorbed at pH 2.3-12.0 conformed to the 
Freundlich adsorption equation and at pH < 2.3 conformed 
to the Langmuir adsorption equation with the same amount 
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of PhNHj adsorbed. 
Matsubara and Ikeda (1987) compared the head-space-GC 
and solvent extraction-GC method for the determination of 
organics in an i n d u s t r i a l wastewater. The coef f ic ien t 
va r ia t ion was 5 .3 , 6,7 and 8,3 % by head-space-GC and 1.1, 
2,4 and 2,1 % by solvent extraction-GC method for 1 ,1 ,1 -
C H C I . , C HC1-, and C Cl r e spec t ive ly . The extraction-GC 
method was found su i t ab le for quan t i t a t i ve ana lys i s . 
The treatment of organic wastewater by oxidation with 
sodium hypochlori te was s tudied by Nicolau e t a l . (1988). 
The wastewater containing aromatic amines and he te rocyc l ic 
amine and carbonate had removal e f f i c i enc ie s of 100 % and 
other organic compounds had 95-98 %. The COD removal was 
found to be 95-98 %. 
Romey and Pass (1988) have s tudied the removal of 
aromatic hydrocarbons from wastewaters from coking of coa l . 
A s ing le - s t age process using a carbonaceous adsorpt ion-
f i l t r a t i o n mater ia l was used. The removal of polycycl ic 
aromatic hydrocarbons was found ^ 98 %. 
The removal of organics from wastewater by using an 
ac id ic addi t ive (sapro additive 300 ppm) and a ceramic 
filtering mater ia l was studied by Shimanishi and Suzuki 
(1988), They observed tha t wastewater containing 1060 ppm 
BOD components and 4240 ppm COD components from rubber 
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manufacturing was reduced to 4,7 ppm BOD components and 
18.6 ppm COD components. 
Marchand et al. (1989) studied the concentration of 
various groups of organic pollutants in municipal waste-
water. They found suspended matter 44-71 g, total organic 
extract ll-20g, anionic detergents 2.2-6.6 g, total hydro-
carbons 0.2-1.8 g, aromatic hydrocarbons 4-17 mg and chlori-
nated solvents 0.1-6.0 mg, pentachlorophenol 40-110 ;ug, 
PCBs 10-60 fig, chlorinated insecticides ( ^  DDT, indane) 
6 2-60 /ag. It was found that anionic detergents 11-72 tons, 
total hydrocarbons 0.9-8.0 tons, chlorinated solvents 
0.4-40 kg, chlorinated insecticides 0.02-1.0 kg and PCB's 
0.1-0.4 kg were discharged annually into the waters of Toulon 
and Moralix rivers, 
The treatment of domestic sewage and fecal wastewaters 
containing organic compounds was studied by Fujisawa (1989). 
The sewage effluent containing COD 200 mg/L and glucose 
100 ml/L was dosed with KNO 10.76 g/L and K HPO 4.19 g A 
fed into anaerobic treatment tank for 4 hrs. and a residence 
time of 10 hrs. insulted in a COD removal of 60-70 %. 
Chapter 3 
MATERIALS AND METHODS 
3.1 Collection of Wastwater Samples (Dairy and 
Sugar Factory) 
The representative grab samples of the individual 
Waste streams were collected at every eight hours for a 
period of 24 hours, and finally made composite sample in 
proportion to the flow at the time of sample collections. 
3.2 Collection of River Sediment Samples 
The midstream sediments were collected from five 
places in the vicinity of each sampling station. These 
were transported to the laboratory in polyethylene bags. 
3.3 Collection of Plants (submerged) Samples 
The plants (Vallisneria spiralis Linn., Hydrilla 
vertlcillata (Linn.f.) Royle and Nechamandra alternifolia 
(Roxb) Thwaites) samples were collected from five places in 
the vicinity of each sampling station. These were immedia-
tely Washed several times with the river water in order 
to remove the adhered species of invertebrates and large 
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p a r t i c l e s of the mud. The p lan t samples were brought to 
the laboratory in polyethylene bags. 
3.4 preservat ion of Sample_s 
For physico-chemical analys is sample was freezed while 
for heavy metals , samples were co l lec ted in polyethylene 
containers and preserved by acidifying with 6N HNO- so tha t 
pH was maintained to about 2,0 
3.5 Physico-chemical Analysis 
Physico-chemical parameters for waste samples were 
determined according to APHA Standard Methods (1985). 
Dissolved oxygen, pH, a l k a l i n i t y , a c i d i t y and temperatures 
were measured on the s i t e by por table k i t (Century-CK 704) 
whereas t o t a l s o l i d s , suspended s o l i d s , dissolved s o l i d s , 
BOD, OOD, ch lor ide , su lphate , t o t a l phosphate, t o t a l hard-
ness, t u r b i d i t y , e l e c t r i c a l conduct iv i ty , ammonia-nitrogen, 
n i t r o g e n - n i t r a t e , n i t r o g e n - n i t r i t e were determined in the 
labora tory . 
3.6 Physico-chemical Analysis of Sediments 
Physico-chemical parameters for sediments determined 
were pH, e l e c t r i c a l conduct ivi ty (Jackson, 1973), organic 
matter (Walklay and Black 's method, 1947), and calcium 
carbonate (P ipe r ' s rapid t i t r a t i o n method, 1950). 
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3.7 Preparation of Samples for Atomic Absorption 
Soectrofnetrv Analysis 
(i) Industrial Waste Sagnples 
For analysis of metals, nitric acid digestion tech-
nique Was followed. Nitric acid was added to a measured 
volume of sample (100 ml) and it was heated to slow boiling 
in order to evaporate to the lowest volume (10-15 ml) 
possible before the precipitation and salting out occurs. 
Nitric acid was further added and heated gently until the 
digestion was completed. The content and cover was washed 
with deionised water, filtered through Whatman filter 
paper No. 42 to remove silicate and other insoluble 
material that could clog the atomizer and made upto the 
mark. This was used for analysis by atomic absorption 
spectrophotometer (Model GBC 902). 
(ii) River Sediment Samples 
The sediments were dried for 24 hours at 105 C, grounded 
and passed through an 80 mesh sieve. 5g of the sediment 
sample was digested for 30 minutes in 25 ml of 1:3 H„S0 : 
2 4 
HNO- mixture, made upto 25 ml with double distilled water 
and filtered. The residue was again treated in a similar 
manner and filtered. Both the filtrates with washings 
were concentrated to a volume of 25 ml. The prepared 
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samples were used for heavy metals determination (Standard 
Method, 1985) by Atomic Absorption Spectrophotometer 
(Model GBC 902) . 
(iii) Plant Samples 
The plant samples from the river were rinsed several 
times with double distilled water and dried at 105°c for 
24 hours. The dried plant material was grounded and 5g 
of the powdered material was digested with 20 ml boiling 
Analar grade HNO in a 50 ml Kjeldahl flask. The digestion 
was usually completed within half an hour and the digests 
were made up to 25 ml volume. The prepared solution was 
used for heavy metal determination by atomic absorption 
spectrophotometry (Hartiing and Whitton, 1981) . 
3.8 Organics in River Water 
(i) Collectipn and Storage of Samples 
Amber glass sample bottles with screw caps lined 
with teflon, prewashed, rinsed with acetone and dried 
at 400 c were used for sampling composite samples. The 
samples were kept refrigerated at 4 c and protected from 
light before extraction. 
(ii) Extraction 
A measured volume of sample (one liter) was serially 
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extracted with methylene chloride at highly alkaline pH 
and again at highly acidic pH using a separating funnel. 
The combined extract was passed through a column contain-
ing hydrated Na SO . The extract was further concentrated 
to 1 ml, transferred to a vial and sealed. This extract 
is ready for analysis by GCMs technique (EPA, Method 
625) . 
3,9 Organic Pollutants in Wastewater 
The organic pollutants determined in wastewater were 
phenols by 4-aminoantipyrine colorimetric method, tannin 
(Standard Method, 1985), carbohydrates (Michel Dubois, 
1956) and protein (Lowry et al,, 1951) by spectrophoto-
metric method. 
Chapter 4 
STUDIES ON INDUSTRIAL WASTEWATERS 
4.1 Physico-chemical Studies on the Dairy Effluent 
4.1.1 Introduction 
With the increase in demand for milk and milk products, 
many dairies of different sizes have been established in 
the country at different places. The problem of pollution 
by wastewaters from dairies and factories manufacturing 
cheese, butter, condensed milk and other milk products is 
one which has become serious during recent years. 
Yang et al. (1980) suggested soil as a medium for 
dairy liquid waste disposal. They found that by applying 
effluent to the soil for absorption without runoff, 
eliminated the possibility of stream pollution. BOD , HH , 
3_ 
suspended solids and PO decreased by 41, 36, 69 and 16 % 
respectively. 
Ajmal et al. (1984) observed that 25 % effluent from 
dairy enhanced the growth of kidney bean and 50, 75 and 
loo % effluent enhanced the growth of pearl millet and 
found to be favourable for irrigation. 
61 
62 
Selby and Skinner (1979) discussed the ground water 
pollution in the U.K., U.S.A., U.S.S.R. and West Germany 
from various sources including the dairy wastes. 
Alagarswamy et al. (1981) studied the effluent treat-
ment of dairy wastes. The wastewater was treated to remove 
grease, followed by extended aeration in oxidation ditches 
which reduced the BOD from 910 to<30 mg/L. 
The treatment of dairy and tannery wastes using water 
hyacinth increased the removal rates of BOD, COD, total 
N and total P in 7 days (Trivedy, et al., 1983). 
Shen et al. (1982) detected residues of organophos-
phorus pesticides in milk and meat products. The recoveries 
of DDVP [62-73-1], dimethoate [60-51-5], parathion 
methyl [298-00-o] and fenthion [55-38-9] were found to be 
37.9, 93.0, 80.0 and 82.7 % respectively. 
4.1,2 Sources of Waste in Dairy Manufacturing 
Process 
The licjuid wastes originate from the following sections 
or plants in a dairy factory: receiving station, bottling 
plant, cheese plant, butter plant, and dried milk plant. 
Waste also comes from water softening plant and from bottle 
and can washing plants etc. 
At the receiving station the milk is received from 
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the farms and after inspection the same is emptied into 
large containers for transport to bottling or other 
processing plants. The empty cans are rinsed, washed, 
sterilized and returned to the farmers. 
At the bottling plant, the raw milk delivered by 
the receiving station is stored. The processing includes 
cooling, clarification, filtration, pasteurization, and 
bottling. 
In the above two sections, liquid wastes originate 
out of rinse and washings of bottles, cans and equipments, 
and thus contain milk drippings and chemicals used for 
cleaning containers and equipments. 
In a cheese plant, the milk (whole milk or skimmed 
milk) is pasteurized and cooled and placed in a vat, 
where a starter (lactic acid producing bacterial culture) 
and rennet are added. This separates the casein of the 
milk in the form of curd. The whey is withdrawn and 
the curd compressed to allow excess whey to drain out. 
Waste Water from this plant Includes mainly the discarded 
whey and the wash water used for cleaning vats, equip-
ments and floors etc. 
4.1.3 Description of the Glaxo Laboratories (India) Ltd. 
The factory Glaxo Laboratories (India) Ltd. (GLINDIA) 
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is situated at Manzoor Garhi, a village about 10 km away 
from Aligarh city in Uttar Pradesh, India. It processes 
milk products such as powdered milk, 'Complan', 'Glucon D*, 
'Farex*, etc. The factory has an aeration treatment 
plant with settling tank which helps in lowering the BOD 
and total solids of the effluents. 
4.1.4 Collection and Analysis of the Glaxo Laboratories 
(India) Ltd. effluents 
The main drain discharging the effluents from the 
factory receives wastes through two routes: (i) the major 
part of the effluent coming from the effluent treatment 
plant, and (ii) a comparatively smaller part comprising of 
washings of containers and milk overflows. The effluent 
samples were collected and brought to the laboratory 
from the site C (mixture of treated and untreated) (Fig. 1) , 
These were analysed for their physico-chemical properties, 
heavy metals and organic pollutants. 
4.1.5 Results and Discussion 
The physico-chemical properties of the effluents of 
the Glaxo Laboratories (India) Ltd., Manzoor Garhi, 
Aligarh (U.P.), have been given in Table 3. 
The effluent satisfies the limits in relation to 
parameters such as temperature, pH, alkalinity, hardness. 
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ch lor ides , phosphate, su lphate , n i t r a t e - n i t r o g e n , n i t r i t e -
ni t rogen, e l e c t r i c a l conduct iv i ty , e t c . The t o t a l suspended 
so l i d s , chemical oxygen demand (COD), biochemical oxygen 
demand (BOD) and ammonia-nitrogen were found to exceed the 
specif ied l imi t (IS-2490-1974). 
The ef f luent was milky. I t was found to be devoid 
of dissolved oxygen (DO). DO in water i s necessary to 
sus ta in many forms of aquatic l i f e . The t u r b i d i t y (56 NTU) 
which a lso af fec ts the t u r b i d i t y of the receiving water 
i s an aes the t i c problem for domestic wa te r s . For i r r i g a t i o n 
purpose, so l id p a r t i c l e s can s e t t l e down and clog the water 
d i s t r i b u t i o n system (Mutlak e t a l . , 1980). 
The ammonia-nitrogen (55.30 mgl ) was found above the 
permissible l imi t (IS-2490-1974). The discharge of NH -^N 
and i t s sxibsequent oxidation can ser ious ly reduce the DO 
leve l s in receiving waters where the slow-growing n i t r i f y -
ing bac te r i a are ava i l ab le . I t has a lso been reported 
tha t free amroonia concentrat ions above 0.2 mgl" can 
cause f a t a l i t i e s in several species of f ish (Sawyer and 
Mccarty, 1987) . 
The chemical oxygen demand (COD) (476 mgl ) and 
biochemical oxygen demand (BOD)^  (179 mgl" ) values were 
found to be high. Ihese high values of COD and BOD are due 
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to the presence of organic and inorganic sulphides etc. 
The concentration of suspended solids (314 mgl" ) which 
is higher than the permissible limits (lS-2490-1974) 
denotes the strength of the waste. 
Heavy metals such as Fe, Mg, Cu, Zn, Co, Mn, Ni, Cr 
and Cd have been found within the permissible limits 
(Table 4) except Pb which was found higher (0.674 mgl" ) 
(lS-2490-1974) . 
The organic pollutants (Table 4), viz., phenols 
(25 Aigl~ ) , tannin (50 ;agl" ) , proteins (35 mgl~ ) and 
carbohydrates (8.8 mgl" ) were detected within the permissible 
limits. Phenols are present due to the use of chlorophe-
nolic antiseptics widely in the dairy industry (Stannard 
and Scotter, 1977) . 
The effluent was found to be highly organic in nature. 
It is not desirable to discharge it into surface water as 
it contains high concentration of toxic metal like Pb, 
which is harmful for the aquatic environment. 
Since the last few years, the treated wastewaters 
are being disposed on land for irrigation purpose. 
Young et al. (1975) suggested land irrigation to be 
the simplest and most economical method for the disposal 
of dairy waste. 
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Glaxo Laboratories 
(India) Ltd. Factory 
Treatment Plant 
Treated Effluent 
( A ) 
j 'Untreated Effluent 
CB) 
Mixture of Treated and 
Untreated Effluent (C) 
F i g l . Schematic diagram showing various routes 
taken by the eff luents passing from 
the source to the land 
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T a b l e 3 
P h y s i c o - c h e m i c a l C h a r a c t e r i s t i c s of t h e 
G laxo L a b o r a t o r i e s E f f l u e n t 
C h a r a c t e r i s t i c s 
C o l o u r 
T e m p e r a t u r e 
PH 
Alkalinity (phenol) 
as CaCO (Total) 
E l e c t r i c a l conduc t iv i ty 25 
T u r b i d i t y (NTU) 
Dissolved oxygen 
COD 
BOD 
C h l o r i d e 
S u l p h a t e 
P h o s p h a t e 
Org-N 
T o t a l K J e l d a h l - N 
NO2-N 
NO3-N 
T o t a l s o l i d s 
Dissolved solids 
Suspended solids 
Calcium 
Magnesium 
Sodium 
Potassium 
jumhos/cm 
Milky 
35.00 
8.55 
5.60 
257.00 
800.00 
56.00 
Nil 
476.00 
179.00 
58.50 
60.50 
20.00 
55.30 
16.59 
71.89 
2.93 
12.04 
986.00 
672.00 
314.00 
43.25 
15.00 
40.00 
8.20 
All parameters except colour, turbidity and temperature 
are given in mgl~ 
Table 4 
Concen t ra t ion of Heavy Meta l s and Organics in 
the Glaxo L a b o r a t o r i e s E f f l u e n t (mgl" ) 
Element 
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Cd 
Co 
Cr 
Cu 
Fe 
Mn 
Ni 
Pb 
Zn 
" T a n n i n - l i k e " 
Phenols 
Carbohydra tes (Total) 
p r o t e i n 
0.007 
ND 
0.790 
0.036 
24.200 
0.031 
0.103 
0.674 
0.049 
0.05 
0.025 
8.50 
35.00 
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4.2 physico-chemical studies on Sugar Wastes 
4.2.1 Introduction 
There are more than two hundred sugar factories in 
India which normally function on a seasonal basis from 
October to May. Manufacture of sugar is the second 
largest industry in the country, the first being textile. 
Most of them are located in small towns or villages where 
there are not adequate water bodies into which the effluents 
could be discharged for dilution purposes. In India, 
dilution essentially occurs during the rainy season when 
the pollutants on the land in and around sugar factories 
is carried away by rain water. Inadequate or no liquid-
treatment facilities exist in sugar industries though the 
problem of pollution due to both inorganics and organic 
particularly dissolved organic matter consisting mainly 
of carbohydrates is well recognised. 
Amano et al. (1982) detected K, Na, Ca, Mg and Si in 
sugar solution from sugar refining by A.A.S. The metals 
were eliminated by ion exchange except Ca and Mg which were 
removed by bone charcoal prior to ion exchange. 
Ajmal et al. (1983) studied the effects of sugar 
factory effluent on soil and crop plants. They suggested 
the use of the effluents on acidic soils and for irrigation 
after dilution. 
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Organic acids in sugar solution during sugar refining 
process were separated by Amerlite IR-120 and IRA-68 
coliimns and detected by GC by Hanada et al. (1982) . ACO-
nitic acid concentration was found highest (125-429) and 
succinic acid to be lowest (1-19 mg/kg) in raw sugars. 
A study of various sugar factories in Western Uttar 
Pradesh, India, was conducted by Venna et al. (1978) with 
special reference to physico-chemical characteristics of 
their effluents and the capacity and amount of effluents 
being disposed off by these factories. 
Arora et al. (1974) suggested that certain measures 
such as lime treatment followed by four hour settling of 
filter cloth washing, recycling of sugar, dry cleaning of 
floors, etc., will make appreciable contributions to 
minimise pollution by sugar factory effluents. 
An operation suggested by Guzman (1962) resulted in 
notable reduction of the pollution load of river due to 
cane sugar wastes in Puerto Rico (Argentina). 
4.2,2. Sources of Waste Water 
The different operations in the mill leading to gene-
ration of wastewater are given in Figure 2 and briefly 
described below: 
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(i) Mill-house Wastewater is derived from continous gland 
cooling and intermittant floor washing. The volume is very 
large and contains high grease and sugar derived from the 
spills and leaks. It exerts high BOD. 
(ii) Boiler Blow Down is fairly clean water and it contains 
high dissolved solids and phosphates etc. 
(iii) Filter cloth is periodically washed and the washing 
constitutes a source of wastewater discharged intermittantly 
which contains large amounts of suspended solids and BOD 
due to residual sugar juice retained in it. 
(iv) The vapours from the last effect evaporator and pan 
boiling and the condensate go to spray pond. A part of the 
cooled water from the pond is recycled into the factory but 
a sizeable volume from the spray pond is discharged as 
wastewater. 
(v) Evaporators, juice heaters, pans, etc., are cleaned 
periodically for scales removal using NaOH, Na^CO- and HCl 
etc. After this cleaning the washings along with other 
cleaning agents and equipment wash water are discharged 
into the drains. 
(vi) Leaks from ptimps and pipes in the evaporator, boiling 
and centrifuge houses along with periodic floor washings 
constitute another source of wastewater in a sugar factory. 
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Although small in volume, it exerts high BOD due to large 
concentration of organics in it. 
(vii) Molasses- Due to leaks in pipes and pumps, occasi-
onally very small quantities of molasses find their way into 
the wastewater drains since the molasses exerts very high 
BOD (90,000 mgl" ), any quantity added to wastewater will 
increase the BOD load appreciably. 
The sugar cane crushing capacities, sugar production 
capacities, volumes of different types of wastes and mixed 
waste disposed off from Kisan Sahkari Chini Mills Ltd., 
Aligarh, are given in tables 5 and 6. 
4.2.3 Description of the Kisan Sahkari Chini 
Mills Ltd., Satha. Aligarh, U.P. 
The Kisan Sahkari Chini Mills Ltd. is situated at 
Satha, a village about 12 km away from Aligarh city in 
Uttar Pradesh, India. The factory is devoid of any treat-
ment plant. 
4.2.4 Collection and Analysis of the Wastewater 
from the Kisan Sahkari Chini Mills Ltd., Satha. 
The wastewater samples were collected from the drain 
outside the factory and analysed for their physico-
chemical properties, heavy metals and organic pollutant 
using Standard Methods (1985). 
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4.2.5 Results and Discussion 
The physico-chemical parameters of the wastewater 
from the Kisan Sahkari Chini Mills Ltd.,Satha, Aligarh, 
U.P., India, are given in table 7. 
The wastewater satisfies the limits in relation to 
parameters such as pH, alkalinity, hardness, chloride, 
phosphate, sulphate, nitrogen content etc. The total 
suspended solids, chemical oxygen demand (COD), biochemical 
oxygen demand (BOD) have been found to be higher than the 
specified limits (IS-2490-1974). 
The colour of the wastewater was light brown. Tannins, 
humic acid, and humates, from the decomposition of lignin 
are considered to be the principal colour bodies (McCrea, 
1933) in a sugar factory wastewater. 
The Wastewater was found to be deficient in dissolved 
oxygen (DO) which makes the aquatic organism survival very 
difficult if discharged into inland surface water. Verma 
and Shukla (1969) found that sugar factory effluent drain 
heavily on the oxygen budget of the stream 'Khala', U.P., 
India, and it also affected the quality of water and fish 
food, the river contains. 
The turbidity (970.0 MTU) is also very high which if 
used for irrigation purpose may clog the water distribution 
system (Mutlak,et al., 1980). 
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The COD (5138.40 mgl""^ ) and the BOD (2482.00 mgl""^ ) 
was found to be very high due to the nature of the waste-
water, i.e., presence of organics and inorganic sulphides, 
etc. The suspended solids (556 mgl" ) is higher than 
the permissible limits (IS-2490-1974). This indicates 
the strength of the industrial wastewater. 
Heavy metals such as Pe, Mg, Cu, 2n, Mn, Ni, Co and 
Cr were found within the permissible limits (Table 8) 
except Pb which was present in high concentration (0.823 
mgl"-'-) (IS-2490-1974) . 
Ueno (1982) detected Cd, pb^ and Cu in sugars by 
A.A.S. with a detection limit of 0.01, 0.07 and 0.04 mgl" 
respectively. 
'Tannin-like' (28.5 mgl ) organics were detected. 
Tannin is a plant constituent containing aromatic hydroxyl 
groups which is not easily biodegradable and is responsible 
for imparting colour in many industrial wastewaters. 
Sugar wastewater has been found to cause considerable 
difficulties when it gets access to water courses, 
particularly small and non-perennial stream in rural areas. 
The rapid depletion of oxygen due to biological oxidation 
followed by anaerobic stabilization of the waste causes a 
secondairy pollution of offensive odours,black colour and 
fish mortality, etc. 
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Therefore, the wastewater which is untreated, highly 
organic in nature and due to presence of high concentration 
of toxic metals like pb is not desirable for discharging 
it into surface water. 
Disposal of the wastewater on land as irrigation 
water is practiced in many sugar mills, but it is associated 
with odour problem. 
The COD/BOD ratio of the wastewater indicates that the 
Wastewater is amenable for biological treatment. 
Recently,Nawasu et al. (1984) have treated sugar 
factory wastewaters by biochemical techniques using 
activated sludge followed by chemical coagulation with 
Feci , COD, total organic carbon and organic nitrogen 
removal of 93.5, 83.9 and 82.7 % respectively were 
obtained. 
Ba
ga
ss
e 
•
 
So
lid
 
W
as
te
 
Su
lp
hi
ta
tio
n
 
X 
Ev
ap
or
at
or
s 
—
*
—
 
M
ill 
Ho
us
e 
W
as
te
 
Fi
lte
r 
clo
th
 
W
as
h m
 
9 
Bo
ile
r 
Ho
us
e 
^
 
'a
sh
ing
s 
of
 
Fi
lte
r 
Cl
ot
h 
IB
oi
le
r 
Ho
us
e 
Le
ak
ag
es
 
JL
 
1 
Sy
ru
p 
»
 
Va
cu
um
 
pa
n
 
Ba
ro
m
e
tri
c 
Co
nd
en
se
r 
W
at
er
 
Cr
ys
ta
liz
e
r 
Ce
n
tri
fu
ge
s 
Co
oli
ng
 
To
w
er
 
o
r 
Sp
ra
y 
po
nd
 
Ex
ce
ss
 
Co
n
de
n
se
r 
W
at
er
 
A.
 
I P
on
d 
I O
ve
r f
lo
w
 
1 jk 
M
ola
ss
es
 
st
o
re
 
Su
ga
r 
.
Sp
ill 
ov
er
s 
& 
'H
an
dli
ng
 
los
se
s 
A 
Co
m
bin
ed
 
W
as
te
 
Fi
g.?
 
Fl
ow
 
Di
ag
ra
m
 
fo
r 
th
e 
Su
ga
r 
M
a
n
u
fa
ct
u
rin
g 
Pr
oc
es
s 
-
4 
Table 5 
Physical Data of the Surveyed the Kisan 
Sahkari Chini Mills Ltd.,Satha, Aligarh 
(Verma/ et al., 1978) 
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Sugarcane crushed (tonnes/day) 
Sugarcane recovered (tonnes/day) 
Molasses produced (tonnes/day) 
Manufacturing process used 
Approximate water used (L/day) 
1,100 
88 
49 
Double Sulphi ta t ion 
11.8 X 10^ 
Table 6 
Volumes of Wastewaters from Different Units 
of Surveyed the Kisan Sahkari Chini Mills 
Ltd . , Satha# Aligarh 
(Verma e t al . ,1978) 
Mil l house wastes (gal/day) 
F i l t e r c loth washings (gal/day) 
Other uni t s wastes (gal/day) 
Spray pond overflow (gal/day) 
Final mixed wastes (gal/day) 
1,11,530 
55,790 
34,890 
2,50,982 
4,53,200 
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Table 7 
Physico-chemical Cha rac t e r i s t i c s of the 
Kisan Sahkari Chini Mil ls Wastewater 
Cha rac t e r i s t i c s 
Colour 
Temperature 
pH . . . 
Total a l k a l i n i t y as CaCO^ 
E l e c t r i c a l conductivi ty ;Limhos/cm at 
Turbidi ty (NTU) 
Dissolved Oxygen 
COD 
BOD 
C h l o r i d e 
S u l p h a t e 
P h o s p h a t e 
NH3-H 
Organ ic -N 
T o t a l K j e l d a h l - N 
NO2-N 
NO3-N 
T o t a l s o l i d s 
D i s s o l v e d s o l i d s 
Suspended s o l i d s , 
S u l p h i t e 
Ca lc ium 
Magnesiiim 
Sodium 
Potass iv im 
25°C 
L i g h t brown 
4 7 . 0 0 
6 .40 
4 0 2 . 0 0 
1 9 8 6 . 0 0 
9 7 . 0 0 
N i l 
5 1 3 8 . 4 0 
2482 .00 
3 9 0 . 5 0 
1 5 2 . 3 0 
2 5 . 2 3 
1 2 . 3 2 
6 . 1 6 
1 8 . 4 8 
0 . 0 3 
0 . 8 6 
1 4 6 6 . 0 0 
9 1 0 . 0 0 
5 5 6 . 0 0 
3 8 5 . 0 0 
2 6 5 , 0 0 
7 2 . 0 0 
103 .00 
7 0 . 0 0 
A l l p a r a m e t e r s e x c e p t c o l o u r , t u r b i d i t y and t e m p e r a t u r e 
a r e g iven in m g l " 
80 
Table 8 
Concen t ra t ion of Heavy Meta ls and Organic 
P o l l u t a n t i n the Kisan SahXari Chini 
M i l l s Wastewater (mgl"-^) 
Elements 
Cd 
Co 
Cr 
Cu 
Fe 
Mn 
Ni 
Pb 
Zn 
" T a n n i n - l i k e " 
0.012 
0.009 
0.490 
0.888 
62.200 
0.575 
0.268 
0.823 
0.140 
28.500 
Chapter 5 
POLLUTION IN THE GANGES RIVER (INDIA) 
5,1 Introduction 
Environmental pollution is assuming dangerous propor-
tions all through the globe and India is not free from 
the disastrous effect of pollution. This may be the 
outcome of modern living, industrialization and urbaniza-
tion. Studies have revealed that our lakes and rivers are 
polluted far beyond the permitted limit meant for human 
use and consumption. The mighty Ganges in the North and 
the Cauvery in the south are so heavily polluted that they 
have become a menace to the aquatic life and human population. 
The Ganges River receives large volumes of domestic and 
industrial wastes from thickly populated and highly indus-
trialized cities through which it passes. The river is 
being grossly polluted by community sewage, ashes of burnt 
and unburnt bodies and the industrial waste containing 
various pollutants. 
In recent years, due to awareness about pollution, 
programmes for the monitoring and abatement of river 
pollution including heavy metal and organic pollution in 
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the rivers have been initiated in almost all the countries. 
Pollutants released to the aquatic environment may 
become incorporated in depositing sediments. These 
sediments may preserve a record of past pollutant inputs 
and upon the premise is based the use of sediments for 
historical monitoring (Alderton, 1985). The municipal 
wastewater increased the heavy metal contents of the 
bottom sediments in a receiving stream approximately 
4.5 folds (Abo-Rady, 1980). Tada and Suzuki (1982) found 
that the main factor controlling the adsorption of metals 
in the bottom mud of rivers was organic matter. Polprasert 
(1982) found high concentrations of Cd, Cu, Cr, Pb and Hg 
in water, sediments and fish of the Chao Phraya River in 
Thailand. Ajmal et al. (1983a) found that coal-fired 
thermal power plant was responsible for the elevation of 
metallic contents in the water and sediments of Upper 
Ganga Canal. They (1985a,1987) reported high concentrations 
of heavy metals in waters and sediments of the Yamuna and 
Ganges Rivers respectively. They have also (1987) shown 
high levels of Cd, Cr, Co, Cu, Fe, Ni, Pb and Zn in 
water, sediments, plants and fish of Hindon river. 
A3chabuhaya and Lodenius (1988) found high concentrations 
of heavy metals in the samples of sediments, plants and 
aquatic animals of Msimbazi River, Tanzania which was due 
to the discharge of industrial wastes in the river. 
83 
The ability of submerged fresh water plants to take 
up heavy metals from the water has been shown for many 
species of the plants. It has been suggested that 
chemical analysis of the tissue of submerged plants may 
give valuable information about contamination of the 
sorrounding water (Harding and Whitton, 1981). Dietz 
(1973) has stated that analysis for heavy metals in 
submerged plants could be a useful method for assuming 
the average concentration of metals in the water. Ajmal 
et al. (1984, 1985b) have reported elevated levels of Cd, 
Co, Cu, Cr, Fe, Mn, Ni, Pb and Zn in fish and submerged 
plants (Eicchornia crassipes) from Ganges and Yamuna 
rivers due to domestic sewage and industrial effluent 
discharged to the river respectively. 
Recently, Ajmal et al. (1988) found that variations 
of heavy metals in the water, sediments, fish and submerged 
plants collected from Kali Nadi may be due to the variation 
in the industrial and sewage wastes being added to the 
river at different places. 
This chapter deals with our studies on the physico-
chemical parameters and heavy metal contents in Ganges 
River sediments and submerged plants from October 1987 
(post-monsoon) to June 1988 (summer) from Narora to Kannauj 
(Fig. 3) . 
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5.2 Results and Discussion 
5,2.1 Sediments 
The results of physico-chemical and heavy metal 
analysis of sediments are given in table 9. 
The pH of the sediments has been found to be alkaline 
(pH 7,35-8.05) throughout the stretch. The sediments 
contain 2.4-6.9 % calcium carbonate which is quite high. 
Popova (1961) showed that heavy metal carbonates of low 
solubility such as CoCO^ and PbCO^ are completely eliminated 
from the solution as a result of CaCO^ precipitation. 
Patchineelam (1975) also showed that the precipitation 
of cadmium, copper and zinc along with CaCO. in Elbe river 
estuary resulted from the mixing of the normal water with 
an alkaline industrial effluent. The high values of the 
metal contents in the sediments of the Ganges River may be 
attributed to the precipitation of metal contents along 
with calcivun carbonate. 
The organic matter concentration ranged from 0.045-
0,599 %. The maximum concentration of organic matter was 
found at Narora (0.599 %) during postmonsoon probably due 
to the high organic pollution by sewage being disposed off 
from this city and land surface runoff. Mogollan et al. 
(1987) reported that accumulation of Ca, K, Mg, Co, Zn, 
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Pb and Ni in sediments of Tuy River basin was controlled 
mainly by the organic matter. Our results showed that as 
organic matter increases heavy metal concentration also 
increases in sediments. Figure 4 shows correlation of 
organic matter with heavy metals. 
The presence of heavy metals in the sediments is due 
to the precipitation of their hydroxides, carbonates and 
sulphides which settle down and form the part of the 
sediments. The composition of these precipitates is greatly 
influenced by various hydrocheraical conditions of the 
water body. 
The ranges of heavy metal concentrations found in 
the sediments at different sampling stations were Cd 2.7-4.5, 
Co 10.59-32.4, Cu 3.69-81.29, Pb 20.27-547.80 and Zn 
4.1-140.6 pgg" (dry weight) (Table 9). The highest Cd 
(4.5 ;agg~ ) and Pb (547.80 jugg" ) concentration in the 
sediments were detected at Kachhla (winter and postmonsoon). 
Whereas maximiam Co (32.40 figg" ) were found at Fatehgarh 
(postmonsoon) . However, the maximum Zn (140.6 jagg" ) and 
Cu (81.29 pgg"" ) concentration were detected at Kannauj 
and Narora (postmonsoon) respectively. The mean concen-
tration for the world's sea sediment are 0.3, 0-192, 20, 
2-1000 pgg~ for cd, Cu, pb and Zn respectively as reported 
by Rankama and Sahama (1960). The concentration of Cd and 
86 
Pb at all the sampling stations was found higher than the 
mean world's sea sediment concentrations, whereas those of 
Cu and Zn were lower than the mean world's sea sediment 
concentration. 
The concentration of Fe and Mn in the sediments were 
found in the range of 4870-87440.0 pgg" and 80.8-332.2 
jugg" respectively. The highest concentration detected 
of Fe (87440.00 figg" ) at Fatehgarh and Mn (33 2.20 pgg~ ) 
at Narora during postmonsoon. These values of Fe and Mn 
might be attributed to pollution due to sewage wastes, 
land surface runoff and to a lesser extent industrial waste 
waters being dumped into the river. The water of Ganges 
River was found to be alkaline in nature and under alkaline 
pH condition iron hydrolyses and forms insoluble hydroxides 
(Stumm and Morgan, 1970) which settles down onto the 
sediments of the river. The hydroxides and oxides of 
iron and manganese constitute significant sinks of heavy 
metals in the aquatic system (Lee, 1975). High concen-
trations of different metals in the sediments of the Ganges 
River may also be attributed to the fact that metals might 
have precipitated along with hydroxides and oxides of iron 
and manganese. 
The levels of Cr and Ni ranged between 27.44-145.20 
and 12,06-38.15 pgg" , respectively. The maximum Cr 
87 
(130.00 pgg ) was detected at Kannauj (postmonsoon) whereas 
the highest Ni (38.15 figg" ) was found at Kachhla (post-
monsoon) . The organic matter was also found in high 
concentrations at these sampling stations due to disposal 
of sewage and industrial wastes. Curtis (1966) has 
explained that metals like Cr, Mn, Mo, Ni, U and V may 
show a positive association with organic carbon present in 
the sediments. It seems quite possible in this case that 
metals might have interacted with the organic matter in 
aqueous phase and then settled down resulting in high 
concentration of the metals in the sediments. 
The highest concentrations of metals were found at 
all the stations during postmonsoon having alkaline pH, 
maximum CaCO and organic matter. 
The fluctuations in our observations may be due to 
sorption capacity of the sediments, the strength of sewage 
and industrial effluents being added to the river. 
5.2.2 Plants 
The concentrations of heavy metals in submerged 
plants (Hydrilla verticillata, Nechamandra alternifolia 
and Vallisneria spiralis) have been presented in Tables 
10, 11 and 12. No plants were found in postmonsoon season. 
These plants start growing in winter and last till summer. 
88 
Plants are known to accumulate metals (Burton and 
Peterson, 1979; Say et al., 1981). 
At most of the sampling stations iron and manganese 
were detected in high concentrations in all the submerged 
plants. There seems a correlation between the availability 
of iron and manganese metals together. At all the 
sampling stations where iron was found in high concentra-
tions, manganese was also detected in large quantities. 
However, the highest iron and manganese concentrations 
were detected at Kannauj (10522.20 figg" ) and (9498.00 
PQ<3~ ) respectively during siommer in V. spiralis. 
Chromium was found to be piresent in the range of 
12.72-269.00 figg" in the submerged plants. The highest 
concentration was found at Fatehgarh (269.00 pgg" : 
N. alternifolia) in summer. 
The concentration of cadmium was detected in the 
range of 0,48-4,42 yugg" . Cadmium was found to be maximum 
for all the three submerged plants collected from Kannuaj 
during summer. 
The copper concentration was found highest at Narora 
in N. alternifolia (1344.00 pgg" ) followed by H.verticillata 
(838.00 jigg" ) and V. spiralis (171.60 fJigg"^) during winter. 
The irrigation with water containing Cu affected the 
89 
growth and y ie ld of tobacco when s o i l contents of Cu 
reached a level of ^ 200 ppm a f t e r i r r i g a t i o n (Chen, 
1978) . 
Nickel was found to be present in the range of 5 .11-
49.62 jugg~ . The highest concentrat ion (49.62 ;agg~ : H. 
v e r t i c i l l a t a ) was found at Fatehgarh during summer. Accu-
mulation of nickel in the fresh water algae has been found 
to act as a growth i n h i b i t o r even a t low concentrat ions 
(Spancer and Greene, 1981), 
Cobalt was detected in considerable amounts in a l l 
of the three p lan t spec ies . I t ranged from 2,42-40.83 
^igg" , The highest concentrat ion (40.83 pgg" : N .a l t e rn i fo l i a ) 
was found a t Kannuaj during win te r . Lead was also detected 
in high concentrat ions in a l l of the three submerged plant 
Species, ranging from 9.40-7450 pgg" . The highest concentra-
tion was found in V. s p i r a l i s co l l ec ted from Fatehgarh 
during winter . 
Zinc was found to be present in the range of 4.30-
1124.00 ;Ligg . The maximum zinc concentrat ion was found 
a t Narora during winter (1124,00 figg" : H. v e r t i c i l l a t a ) . 
I t i s well known (Khan e t a l . , 1981; Lee and Keeney, 
1975) t h a t commercial f e r t i l i z e r s are responsible for the 
increase of zinc in water and sediments of the r i v e r . 
90 
The uptake of metals by the plants from water and 
sediments is obvious that may be the reason of the elevated 
levels of the metals in submerged plants. 
5,3 Conclusion 
Considering the fluctuation range of metal enrichment 
in sediments as well as in plants, the following general 
pattern for the investigated metals and various plant 
species Was observed: 
1. The Ganges river at Kannuaj was found to be most 
polluted by heavy metals among the sampling sites 
chosen. 
2. All the three plant species studied showed high 
heavy metal enrichments whereby V. spiralis 
was the roost tolerant plant for metals accumulation. 
3. The metal concentration in plants was found to be 
much higher than sediment. 
4. The concentration of heavy metals was found high in 
postmonsoon followed by summer for sediments. The 
plants accumulated metals most in summer (no plant 
was available in postmonsoon). 
5. The sediments and plants collected from Narora were 
also found to have high quantities of heavy metals. 
6. Sediments and submerged plants can be used as a good 
indicator of heavy metal pollution in aquatic environ-
ment. 
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